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A  REVIEW  OF  DIMENSIONAL  INSTABILITY  IN  METALS 


F.  C.  Holden* 


SUMMARY 

Interest  in  maintaining  very  close  dimen¬ 
sional  control  in  precision  parts  has  led  to  In¬ 
creased  research  activity  in  areas  usually  asso¬ 
ciated  with  the  subject  of  dimensional  stability. 
Included  are  the  related  phenomena  of  elastic  - 
limit  determinations,  microcreep,  microstrain, 
the  mechanisms  which  cause  them,  and-  the 
practical  methods  that  can  be  employed  to  improve 
dimensional  control. 

This  memorandum  discusses  some  of  the 
problems  that  arise  as  a  result  of  dimensional 
instability,  and  presents  information  that  has 
been  made  available  to  the  Defense  Metals  Infor¬ 
mation  Center.  General  recommendations  are 
made  for  the  processing  of  parts  for  use  in 
applications  where  a  high  degree  of  dimensional 
stability  is  required. 

INTRODUCTION 

The  dimensional  stability  of  a  material 
refers  to  its  ability  to  maintain  its  original  sUe 
and  shape  over  a  period  of  time  under  specified 
environmental  conditions.  Although  the  term  is 
self-explanatory,  it  becomes  necessary  not  only  to 
specify  the  conditions  to  which  the  material  is 
exposed,  but  also  the  accuracy  to  which  dimensional 
changes  are  measured.  Because  true  dimensional 
stability  can  be  defined  as  an  absolute  concept,  it 
may  be  more  realistic  to  consider  the  degree  of 
instability  that  can  be  measured  with  suitable 
accuracy. 

Improved  techniques  of  metrology  developed 
during  the  past  decade  or  two  have  Increased  the 
potential  accura.cyof  such  measurements  byone  or 
two  orders  of  magnitude.  Similarly,  the  require¬ 
ments  of  industry  and  Government,  as  exemplified 
by  the  needs  of  missile  and  space  systems,  have 
become  increasingly  stringent.  Manufacturing 
methods  have  been  improved  to  the  point  whore 
tolerances  specified  in  microinches  (millionths  of 
an  inch)  are  becoming  commonplace;  in  many 
Instances,  It  is  important  not  only  to  manufacture 
a  component  with  such  precision,  but  also  to  ensure 
that  its  dimensions  do  not  change  during  service. 
It  may  be  expected  that  the  standards  for  producing 
and  maintaining  very  high  degrees  of  precision  in 
manufactured  parts  will  continue  to  increase  during 
the  next  decade,  and  that  these  will  be  extended 
Into  broader  segments  of  industry  not  yet  fully 
affected  by  the  increased  requirements  for  pre- 
c  is  ion.  _ 

♦Chief,  Mechanical  Metallurgy  Division,  Battelle 
Memorial  Institute. 


In  the  past,  the  distortion  or  dimensional 
instability  of  metals  was  studied  mainly  for  the 
purpose  of  eliminating  or  reducing  relatively  large 
changes  in  dimensions  in  such  parts  as  castings 
and  die  blocks.  Most  of  these  applications  involved 
ferrous  alloys,  and  a  considerable  volume  of 
research  was  conducted  to  study  the  mechanisms 
leading  to  distortion,  and  methods  for  its  reduction. 
A  summary  of  the  information  available  on  this 
subject  was  presented  in  a  recent  DMIC  report, 
"Control  of  Dimensions  in  High-Strength  Heat- 
Treated  Steel  Parts",  DMIC  Report  No.  163. 

Additional  information  of  a  somewhat  differ¬ 
ent  character  is  needed  to  meet  material  require¬ 
ments  for  recent  developments  in  precision 
devices,  such  as  bearings,  gyros,  accelerometers, 
and  missile-guidance  systems.  In  these  applica¬ 
tions,  vary  high  degrees  of  precision  and  dimen¬ 
sional  stability  may  be  needed  over  long  periods 
of  time.  The  metals  Involved  range  from  the  more 
conventional  alloy  steels  and  aluminum  alloys  to 
the  newer  metals  -  titanium,  beryllium,  and  the 
refractory  metals.  Interest  also  has  been  shown 
in  composite  structures  (sandwich,  laminates,  etc.) 
and  innonmetallics  -  glass,  ceramics,  and  plastics. 
In  general,  material  selection  is  limited  by  factors 
other  than  dimensional  stability;  examples  are 
strength/denaity,  resistance  to  corrosion,  elastic 
modulus,  and  magnetic  behavior.  The  necessity  for 
achieving  specified  physical  or  mechanical  prop¬ 
erties  in  addition  to  stability  of  dimensions  fre¬ 
quently  leads  to  difficulties,  since  the  processing 
requirements  often  are  incompatible. 

Another  problem  area  is  involved  with  the 
conditions  of  service  under  which  dimensional 
stabili’  /  is  to  be  maintained.  The  influence  of 
temperature  and  stress,  both  steady  and  cyclic, 
combined  with  the  presence  of  various  types  of 
fields  are  the  most  important  variables.  A  part 
of  the  dimensional  change  is  (in  most  materials) 
unavoidable  but  predictable:  thermal  expansion 
and  contraction  from  temperature  changes,  and 
elastic  strain  from  stress  application,  for  example. 
These  effects  usually  can  be  compensated  for  by 
suitable  design,  and  can  be  minimized  by  careful 
selection  of  material.  For  example,  the  thermal 
expansion  can  be  reduced  to  essentially  zero  over 
a  restricted  temperature  range  by  selecting  a  suit¬ 
able  alloy  of  the  Invar  type.  Elastic  strains  can 
be  minimized  by  using  a  material  with  a  high 
elastic  modulus,  and  by  designing  for  low  stress 
levels.  The  thermal-expansion  and  elastic-strain 
effects  are  essentially  reversible,  and  are  not 
ordinarily  considered  as  a  form  of  dimensional 
instability. 
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Many  o  1  the  available  data  have  beenrobtained 
on  specimens  that  are  not  subjected  to  external 
loads  other  than  their  own'welght.  This  probably 
is  because  much  of  the  initial  research  in  this  field 
was  done  to  develop  improved  mathods  for  making 
reference  standards,  such  as  gage  blocks,  rather 
than  components  subject  to  external  loads.  On  the 
other  hand,  moat  parts  in  precision  equipment 
are  subjected  to  stress  during  service,  even  though 
the  stress  levels  usually  are  relatively  low.  It 
has  been  observed  that  deformation,  both  time 
independent  and  time  dependent,  can  occur  at  the 
microinch- per -inch  level  at  stresses  well  below 
the  conventional  yield  stress  or  proportional 
limit.  As  an  example,  the  conventional  yield 
strength  (0.2  per  cent  offset)  for  wrought  6061 
aluminum  alloy  was  reported  to  be  40,000  psi, 
whereas  the  precision  elastic  limit  was  about 
12,000  psi. 

Studies  on  the  mechanisms  of  raicrostrain 
have  been  carried  out  rather  intensively  in  recent 
years.  Although  terminologies  vary,  the  terms 
"precision  elastic  limit"  and  "mlc  roe  reap  limit" 
have  been  used  to  designate  the  stresses  at  which 
time  •independent  and  time -dependent  plastic  flow 
occur.  The  precision  elastic  limit  is  defined  as 
the  lowest  stress  at  which  a  specified  residual 
strain  (usually  of  1  microinch  per  inch)  is  detected. 
It  is  ordinarily  determined  by  loading  to  succes¬ 
sively  increasing  stresses  in  tension  until  a 
residual  strain  is  detected.^)  The  microcreep 
limit,  as  defined  by  Hughel(2),  is  the  lowest  stress 
sufficient  to  cause  a  progressive  increase  in 
residual  strain  on  three  successive  loadings. 

As  a  result  of  the  foregoing,  it  appears  that 
in  a  stressed  part,  the  importance  of  microstrain, 
as  distinguished  from  true  dimensional  instability, 
must  be  recognised.  For  convenience,-therefore, 
the  total  dimensional  change  is  considered  to  be 
composed  of  three  parts: 

(1)  Recoverable  dimensional  changes;  time 
independent  (these  generally  are  under¬ 
stood  and  predictably  and  Include  elastic 
strain,  thermal  expansion,  and  magneto  - 
strictive  strain)  and  time  dependent 
(these  include  stress -induced  and  mag¬ 
netically  induced  ordering). 

(2)  Plastic  deformation  (microstrain);  this 
term  includes  the  Irrecoverable  plastic 
strains,  time  dependent  and  time  inde¬ 
pendent,  that  result  from  an  applied 

stress. 

(3)  Dimensional  instability;  this  term  is 
reserved  here  for  changes  in  dimensions 
resulting  from  internal  stress  systems 


or  metallurgical  instability  (such  as 
precipitation  or  phase  changes);  that  is, 
changes  that  occur  in  the  absence  of 
external  forces. 

In  the  discussions  that  follow,  these  three 
causes  of  dimensional  change  are  discussed,  and 
available  information  on  how  they  can  be  con¬ 
trolled  is  presented.  Emphasis  is  placed  upon 
the  causes  and  effects  of  dimensional  instability. 

RECOVERABLE  DIMENSIONAL 
CHANGES 


Certain  recoverable  dimensional  changes 
result  from  external  changes  in  stress,  tempera¬ 
ture,  and  magnetic  fields.  Both  linear  and  volume 
changes  are  involved;  however,  here  we  will  be 
concerned  primarily  with  linear  changes.  The 
elastic  modulus  (E)  relates  the  magnitude  of  an 
applied  stress  to  the  corresponding  elastic  strain; 
the  coefficient  of  linear  expansion  (a)  relates  the 
change  of  temperature  to  the  resulting  thermal 
strain;  and  the  Joule  magnetostriction  coefficient 
(X)  relates  the  magnitude  of  an  applied  magnetic 
field  to  the  corresponding  linear  dimensional 
change.  Within  restricted  ranges  of  these  primary 
variables,  the  dimensional  changes  are  essentially 
reversible,  and  their  magnitudes  can  be  emulated. 
It  remains  a  design  problem  to  ensure  ih*c  these 
changes  in  dimensions  are  suitably  accounted  for 
in  each  specific  application . 

Although  these  parameters  (E,  a,  X)  are 
sometimes  expressed  as  constants  over  restricted 
ranges  of  stress,  temperature,  and  field  strength, 
it  is  well  known  that  these  are  really  average 
values.  Further,  there  is  usually  a  difference  in 
the  strain  path  which  is  determined  by  whether 
the  applied  force,  temperature,  or  field  is  increas¬ 
ing  or  decreasing.  This  path  dependence  is 
reflected  by  a  hysteresis  loop,  indicating  an  absorp¬ 
tion  of  energy.  This  energy  can  be  related  to  the 
mechanisms  involved  in  the  strain  by  suitable 
theoretical  treatment. 

As  pointed  out  previously,  these  reversible 
effects  can  be  predicted  and,  to  a  degree,  mini¬ 
mised  individually,  provided  that  other  considera¬ 
tions  do  not  preclude  a  free  choice  of  material 
and  condition.  The  three  effects  described  here 
frequently  are,  to  a  degree,  related.  For  example, 
alloys  of  the  iron-nickel  type  designed  for  low 
coefficient  of  expansion  depend  upon  magneto- 
strict  ive  effects  to  accomplish  this,  as  do  similar 
alloys  with  a  controlled  variation  of  elastic  modulus 
with  temperature.  Invar  and  Ni-Span-C  are  tu 
examples  of  such  alloys. 


For  moat  purposes,  the  conventional  hand¬ 
book  values  for  the  parameters  E,  a,  and  X  are 
sufficiently  accurate  to  provide  design  informa¬ 
tion.  Where  greater  accuracy  is  needed  for  a 
specific  application,  it  probably  will  be  necessary 
to  conduct  experiments  on  the  particular  mate¬ 
rial  and  condition  to  be  used,  since  variations 
in  composition  and  structure  are  likely  to  be 
significant.  A  few  data  on  selected  materials  are 
included  in  the  Appendix  for  the  values  of  elastic 
modulus  and  expansion  coefficient. 


increase  in  residual  strain  on  three  successive 
loadings  to  the  same  stress  level. (2)  For  beryl¬ 
lium,  it  was  found  that  the  microcreep  limit  was 
significantly  higher  than  the  precision  elastic 
limit.  In  other  work,  microcreep  in  Invar  and 
3S6-T6  aluminum  at  room  and  slightly  elevated 
temperatures  has  beenobserved  at  stresses  near 
(and  in  seme  instances  below)  the  elastic  limit. W 

DIMENSIONAL,  INSTABILITY 


PLASTIC  DEFORMATION 


(MICROSTRAIN) 


As  it  is  employed  here,  the  term  microstrain 
is  defined  as  the  irrecoverable  plastic  strain 
resulting  from  an  applied  stress.  It  has  been 
pointed  out  for  many  years  that  the  values  of  the 
elastic  limit  and  the  proportional  limit  of  a  metal, 
as  conventionally  defined,  depend  upon  the  preci¬ 
sion  of  the  strain  measurement.  Advances  in 
measurement  techniques  now  have  progressed  to 
the  point  where  residual  strains  can  be  measured 
to  a  resolution  of  about  1  x  10"®  with  resistance 
gages,  and  as  great  as  1  x  10"7  or  1  x  10"®  by 
suitable  capacitance  gages.  The  elastic  limit  (or 
precision  elastic  limit)  usually  is  defined  as  the 
lowest  stress  for  which  a  measurable  residual 
strain  is  obtained;  this  is  sometimes  arbitrarily 
set  at  1  microinch  per  inch.*  In  some  recent 
studies^),  the  term  anelastic  limit  (Oy^)  has  been 
used  to  denote  the  same  quantity;  that  is,  the  low¬ 
est  stress  at  which  the  hysteresis  loop  on  the 
stress-strain  curve  is  not  closed.  Again,  these 
values  reflect  the  resolution  of  strain  measure¬ 
ment. 

The  precision  elastic  limit  is  a  useful 
quan  ity  to  the  designer  because  it  represents  a 
limit  .ng  value  for  the  design  stress.  It  is  neces¬ 
sary,  however,  to  specify  the  corresponding 
residual  strain.  This  ordinarily  will  be  the 
smallest  strain  that  can  be  detected bythe  strain- 
measuring  system,  or  an  arbitrary  value  such  as 
1  microinch  per  inch. 

The  residual  microstrains  corresponding  to 
the  (precision)  elastic  limit  or  the  anelastic  limit 
are  considered  to  be  essentially  time  Independent. 
Studies  of  time -dependent  deformation  at  micro- 
strain  levels  also  have  been  conducted.  The  term 
"microcreep  limit"  has  been  defined  byHughelas 
the  stress  just  sufficient  to  cause  progressive 

*Elastic  limit  alsohas  been  defined^  ^  as  the  lowest 
stress  at  which  a  hysteresis  loop  is  observed  on 
the  stress-strain  curve  after  unloading. 


The  term  "dimensional  instability",  as  it  is 
used  here,  refers  to  changes  in  dimensions  that 
occur  over  a  period  of  time  in  a  specimen  without 
external  loading.  Data  have  been  reported  for  a 
number  of  metals  and  alloys  exposed  both  at 
constant  temperature  and  to  temperature  cycling. 


Mechanisms  Leading  to  Dimensional 
Instability  in  Metals 


The  two  primary  mechanisms  that  cause 
dimensional  instability  in  metals  are  reasonably 
well  known.  These  are  (1)  metallurgical  in¬ 
stability  and  (2)  relaxation  of  residual  stresses. 
There  are,  in  addition,  more  subtle  metallurgical 
reactions  that  are  not  so  well  understood.  These 
may  include  the  effects  of  ordering  of  interstitial 
and  substitutional  atoms,  the  effects  of  grain¬ 
boundary  migration,  and  movements  of  magnetic 
domain  walls.  The  effects  of  radiation  on  dimen¬ 
sional  changes  and  on  properties  of  materials, 
particularly  fuel  element  materials,  have  been 
studied  extensively;  however,  these  are  considered 
to  be  beyond  the  scope  of  this  report.  Some  of 
the  characteristics  of  the  mechanisms  leading  to 
dimensional  changes  are  discussed  in  the  follow¬ 
ing  sections. 


Metallurgical  Mechanisms 


(1)  Metals  or  alloys  that  do  not  undergo  a  phase 
change  form  one  of  the  simplest  classes  of 
materials.  The  only  apparent  microstruc- 
tural  changes  are  in  grain  sixe,‘  shape,  and 
orientation.  One  metallurgical  change  which 
can  cause  small  dimensional  changes  is 
ordering.  Individual  solute  atoms  often  will 
tend  to  occupy  specific  positions  in  the  sol¬ 
vent  lattice  relative  to  like  or  unlike  atoms. 
Because  these  reactions  are  controlled  bythe 
diffuslvity  of  the  solute  in  question,  the  re¬ 
action  rates  are  distinguished  by  a  relatively 
strong  temperature  dependence.  Small  di¬ 
mensional  changes  will  follow  changes  in 
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s«resa,  magnetization,  or  possibly  temper¬ 
ature.  Such  reaction*  can  be  responsible 
for  warm-up  times  for  oscillating  devices, 
hysteresis  behavior  duringthe  stress  cycle, 
or  time  dependence  after  reaching  some 
fixed  new  temperature. 

(2)  An  alloy  that  rejects  a  second  phase  from 
solid  solution  (typical  of  the  age -hardening 
alloy  systems)  will  usually  undergo  a  grad¬ 
ual  change  in  volume.  The  rate  of  the  re¬ 
action  is  dependent  upon  time  and  temper¬ 
ature,  and  upon  the  degree  of  departure  from 
phase  equilibrium.  The  reaction  also  may 
be  sensitive  to  applied  stress,  the  applica¬ 
tion  of  vibrational  energy,  and  the  level  of 
impurities  in  the  alloy. 

(3)  A  metal  or  alloy  that  undergoes  a  trans¬ 
formation  from  one  allotropic  form  to 
another  will  change  in  volume.  The  change 
may  be  positive  or  negative,  depending  upon 
the  relative  specific  volumes  of  the  two 
phases.  In  steel,  for  example,  the  trans¬ 
formation  from  austenite  to  martensite  re¬ 
sults  in  a  volume  Increase,  the  magnitude 
of  which  is  dependent  upon  alloy  composition. 

(4)  Combinations  of  the  several  mechanisms 
described  above  may  occur  concurrently. 
For  example,  a  steel  may  exhibit  simul¬ 
taneously  a  positive  volume  changeTrom  the 
transformation  of  retained  austenite  and  a 
negative  volume  change  from  the  tempering 
of  martensite.  Thus,  the  net  volume  change 
may  be  positive,  negative,  or  aero;  it  also 
may  change  from  one  to  the  other  over  a 
period  of  time  as  one  mechanism  becomes 
dominant  over  another. 

Residual -Stress  Mechanisms 

Shape  distortions  introduced  by  the  relaxa¬ 
tion  of  residual  stresses  are  somewhat  more  diffi¬ 
cult  to  analyse.  Residual  stresses  most  fre¬ 
quently  are  introduced  during  fabrication  or  heat 
treatment,  and  are  characteristically  nonuniform. 
Distortion  then  takes  plac  e  through  time  -dependent 
plastic  flow.  The  analysis  of  this  problem  is 
complicated  by  the  fact  that  distortions  in  the 
microinch- per- inch  range  can  result  from  resid¬ 
ual-stress  changes  well  below  the  present  limits 
of  experimental  stress  measurement.  Further, 
present  methods  for  the  measurement  of  residual 
stresses  are  quantitatively  useful  only  for  sec¬ 
tions  of  simple  geometry.  The  stress  distribution 
and  consequent  distortion  of  parts  with  more 
complex  shapes  can  be  predicted  only  qualita¬ 
tively. 


As  was  pointed  out  previously,  both  metal¬ 
lurgical  and  residual-stress  mechanisms  are 
operative  in  most  cases;  therefore,  the  gross 
dimensional  change  measured  will  be  the  sum  of 
the  two  types  of  distortions.  Under  very  special 
conditions,  it  may  be  possible  to  balance  the  two  to 
obtain  satisfactory  dimensional  stability,  as  has 
been  done  by  the  National  Bureau  of  Standards  in 
some  of  its  gage -block  studies.  More  usually,  it 
will  be  necessary  to  reduce  both  the  metallurgical 
instability  and  the  residual-stress  levels  to  attain 
the  necessary  degree  of  dimensional  stability. 


Evaluation  of  Dimensional  Instability 

The  lackof  extensive  data  on  the  dimensional 
instability  of  metals  and  alloys  reflects  the  dif¬ 
ficulties  encountered  in  making  highly  precise  and 
accurate  measurements.  In  many  instances, 
changes  in  dimensions  are  Inferred  from  the  drift 
observed  in  a  completed  Instrument  or  system 
rather  than  from  actual  measurements  of  dimen¬ 
sions.  This  frequently  leads  to  the  anomalous 
situation  in  which  changes  in  the  calibration  of  an 
Instrument  can  be  measured  to  a  precision  much 
greater  than  that  of  measuring  dimensional 
changes  in  the  parts  that  are  causing  the  change. 

Perhaps  the  most  advanced  metrology  tech¬ 
niques  in  use  today  are  those  developed  by  the 
National  Bureau  of  Standards  for  its  gage-block 
program,  whereby  changes  in  length  approach¬ 
ing  10’7  inch  per  inch  (1/10  microinch  per  inch) 
can  be  detected.  The  basis  of  measurement  is 
the  interferometer,  with  which  the  length  of  the 
reference  gage  block  is  determined.  An  inter¬ 
ference  comparator  is  used  to  intercompare  the 
reference  and  specimen  gage  blocks.  To  increase 
the  capacity  of  the  measurement  system,  an  elec¬ 
tromechanical  comparator  was  used  in  conjunction 
with  reference  gage  blocks.  With  errors  mini¬ 
mised  by  statistical  procedures,  an  accuracy  of 
about  0.2  microinch  was  obtained  in  a  2 -inch 
length.  It  should  be  pointed  out  that  extremely 
careful  control  of  environmental  and  testing  condi¬ 
tions  is  vital  to  the  attainment  of  this  high  degree 
of  accuracy. 

In  studies  of  dimensional  instability  in  the 
range  of  a  microinch  per  inch  per  year,  it  is 
important  to  note  the  distinction  between  accuracy 
and  resolution  of  measurements.  It  was  pointed 
out  earlier  that  the  resolution  of  strain  measure¬ 
ments  ?an  be  as  high  as  1  x  10*8  inch  per  inch 
with  a  device  such  as  the  capacitance  gage.  This 
means  that  very  small  relative  changes  in  length 
over  a  reasonably  short  time  period,  can  be  o' 
served  with  comparatively  simple  equlpmei 
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Accuracy  in  the  measurement  of  absolute  lengths 
calls  for  a  highly  advanced  measurements  facility 
and  for  careful  techniques  f  standardisation. 


RESEARCH  ON  DIMENSIONAL  INSTABILITY 
AND  ASSOCIATED  PROBLEMS 


An  examination  of  the  open  literature  and 
available  Government  ’•eports  dealing  with  dimen 
sional  instability  reveals  a  comparatively  small 
amount  of  useful  data.  This  reflects  in  part  the 
experimental  difficulties  in  obtaining  truly  signifi¬ 
cant  data,  and  the  consequent  high  investment  in¬ 
volved  in  such  measurements.  It  also  indicates 
the  fact  that  such  information  frequency  is  re¬ 
garded  as  highly  proprietary  by  those  industrial 
companies  who  have  developed  it. 

1  .ie  most  compi  ehensive  published  compile 
tions  of  data  on  this  mbject  were  prepared  by  the 
Instrumentation  Laboratory  of  the  Massachusetts 
Institute  of  Technology. The  data  presented 
in  these  reports  were  collected  over  about  a 
15-year  period,  and  have  formed  the  basis  for 
many  of  the  materials-processing  schedules  that 
are  in  use  today  for  the  manufacture  of  precision 
devices. 

A  study  has  been  in  progress  for  a  number 
of  years  at  the  National  Bureau  of  Standards 
to  improve  the  stability  of  gane-block  mate¬ 
rials.'-7  .8.9.1 0)  n  is  restricted  to  those  materials 
that  are  potentially  useful  as  gage  blocks  {that  is, 
with  surface  hardness  values  of  at  least  R(~65), 
and  it  has  resulted  in  several  materials  »nd 
processing  methods  that  produce  extremely  good 
dimensional  stability. 

A  current  research  program,  sponsored  by 
the  Naval  Applied  Science  Laboratory,  is  being 
conducted  by  Alloyd  General  Corporation.^  It 
presently  is  developing  data  on  elastic  limits, 
creep,  and  dimensional  stability  for  a  number  of 
selected  alloys  including  Invar,  356- T6  cast 
aluminum,  and  310  stainless  steel. 

Only  scattered  data  in  addition  to  those 
listed  above  have  been  found.  A  number  of  papers 
in  tha  open  literature  have  been  published,  most 
of  which  deal  with  bearing  steel*,  and  a  report 
on  beryllium  was  released  by  the  General  Motors 
Laboratory.^)  All  of  the  data  presentsd  In  this 
report  were  taken  from  the  sources  listed  above. 

A  number  oi  tesearch  programs  now  are  in 
progress  which  deal  with  microstrain  and  the 
mschar.itmt  that  are  associated  with  it.  These 


studies,  which  are  generally  basic  in  na  ure,  in- 
.olve  the  observation  of  microstrain  effects  in 
tension-compression,  bending,  and  torsion,  both 
with  static  and  dynamic  (internal  friction)  loading 
techniques.  The  recoverable  elastic  strains  and 
the  associated  hysteresis  loops  are  related  to 
mechanisms  such  as  the  bowing  of  dislocation  loops 
between  pinning  points.  Theoretical exp-nssicns, 
based  upon  dislocation  dynamics,  have  been  de¬ 
veloped  which  show  promise  of  pro  viding  a  rational 
basis  for  expressing  the  energy  loss  involved  with 
the  fundamental  dislocation  parameters. 

The  stress  ac  which  the  dislocation  loops 
break  away  from  their  pinning  points  like*  ise  has 
been  related  to  the  stress  at  which  a  measurable 
residual  strain  is  observed.  This  effect  has  been 
studied  in  various  ways  including  direct  tension 
and  internal-friction  experiments. 

Much  of  the  most  recent  information  . 
microstra'n  was  presented  at  a  symposium  spon¬ 
sored  by  AIME,()*)  for  which  the  proceedings  will 
serve  as  a  reference.  In  summary,  it  appears  that 
an  improved  understanding  of  the  basic  mechan¬ 
isms  that  lead  to  microstrain  has  already  been 
developed,  and  that  application  of  these  concepts 
to  the  over-all  dimensional  control  of  metals  should 
be  possible  in  the  near  future. 

PROCEDURES  FOR  PROCESSING  TO 

REDUCE  DIMENSIONAL  INSTABILITY 

The  degree  of  dimens  lonal  instability  that  is 
found  in  a  finished  metal  part  is  influenced  ,b  ' 
(1)  material  composition  and  structure,  (21  it* 
thermal  and  mechanical  history,  and  (3)  the  en¬ 
vironmental  conditions  of  exposure  and  use.  The 
designer  has  only  limited  control  over  these 
factors.  For  example,  the  material  selection  is 
frequently  based  upon  physical  or  mechanical- 
property  requirements  other  than  dimensional 
control:  strength,  density,  magnetic  behavior, 

< — rosion  resistan'-*,  etc.  The  thermal  and  me¬ 
chanical  history  is  likewise  limited  by,  for  ex¬ 
ample,  the  necessity  for  fabricating  into  a  given 
configuration,  or  the  need  to  develop  a  high 
strength  or  hardness  by  heat  ’reatment.  The 
conditions  of  environment  and  use  likewise  are 
largely  fact  v,  that  cannot  be  completely  con¬ 
trolled  by  the  designer,  altho  ugh  he  may  be  able 
to  limit  some  of  their  effects;  for  instance,  the 
stress  level  in  a  part  may  be  reduced  through  an 
increase  in  section  size. 

Of  the  three  factors,  the  processing  treat¬ 
ments  which  determine  the  thermal  mechanical 
history  are  most  under  the  control  of  the  rr.anu- 
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lecturer.  Thus,  the  attainment  of  a  satisfactory 
degree  of  dimentional  stability  in  a  finished  part 
will  depend  strong iy  upon  the  selection  of  suitable 
processing  procedures.  These  can  be  related  to 
the  mechanisms  leading  to  instability  that  were 
discussed  previously.  It  is  usual  practice  to  stress 
relieve  between  successive  machining  ope^tions, 
and  to  perform  stabilising  heat  treatments  before 
and  after  finish  machining. 

The  general  procedures  recommended  in  the 
MIT  work^)  are  »s  fell';. vs: 

(1)  Stress  relieve 

(2)  Rough  machine 

(3)  Stress  relieve 

(4)  Perform  main  best  treatment 

(5)  Machine  slightly  oversize 

(6)  Stabilize 

(7)  Machine  to  final  dimensions 

(8)  Stabilize. 

Steps  (1),  (3),  and  (8)  are  indicated  as  optional.- 

There  are  certain  general  observations  that 
can  be  made  concerning  the  effects  of  thermal 
and  mechanical  treatments  on  dimensional  sta¬ 
bility: 

(1)  Phase  equilibrium  under  service  condi¬ 
tions  should  be  approached  as  closely  as  possible, 
rince  gradual  transformation  Is  one  cause  of  In¬ 
stability.  In  quenched  aad  tempered  steels,  it  is 
usual  practice  to  eliminate  as  much  retained  aus 
tenite  as  possible  from  tne  structure  by  quenching 
to  subzero  temperatures  before  tempering.  This 
is  because  definite  correlations  have  been  found 
between  dimensional  instability  and  the  gradual 
transformation  of  retained  austenite.  Although  re¬ 
peated  subzero  exposures  sometimes  art  recom¬ 
mended  to  reduce  the  amount  of  austenite  retained 
in  the  structure,  there  is  some  question  as  to  the 
actual  effectiveness  of  such  cyclic  treatments. 


Stabilisation  treatments  generally  are  de¬ 
signed  to  accelerate  any  aging  that  otherwise 
would  take  place  at  the  service  temperature.  For 
a  part  that  is  to  be  used  at  room  temperature,  a 
stabilization  treatment  of  24  hours  at  200  F  is 
suggested.^*  It  is  pointed  out  further  that  the 
stabilization  temperature  should  not  exce^j  the 
last  temperature  of  the  main  heat  treatment  to 
avoid  the  loss  of  mechanical  properties. 

(2)  Residual  stresses  leading  to  distortion 
can  be  introduced  by  drastic  heating  or  cooling 
during  processing.  Wherever  possible,  parts 
should  be  heated  and  cooled  slowly  to  prevent  the 
forming  of  large  temperature  gradients.  This  is, 
of  course,  more  important  where  large  and  com¬ 
plex  shapes  are  involved.  Where  quenching  is 
needed  as  part  of  a  heat-treatment  process,  it 
may  be  desirable  to  reduce  the  severity  of  the 
quench  as  much  as  possible.  For  example,  a 
quench  into  boiling  water  rather  than  cold  water 
may  be  used  after  eolution  annealing  certain  age¬ 
hardening  aluminum  alloys. 

(3)  Residual  stresses  and  consequent  dis¬ 
tortion  may  be  introduced  during  machining  and 
grinding  operations.  In  addition,  the  presence  of 
residual  Stresses  in  a  heat-treated  part  may  lead 
to  distortion  during  machining  due  to  the  unequal 
removal  of  metal.  This  in  turn  may  make  it 
difficult  to  attain  the  desired  dimensional  toler¬ 
ances,  and  may  require  that  finish  machining  be 
carried  out  in  steps,  each  followed  by  an  ap- 
pr  .y.ute  stress-relieving  treatment. 

(4)  The  attainment  of  a  suitable  degree  of 
stress  relief  without  a  loss  of  mechanical  prop¬ 
erties  may  require  that  a  compromise  of  time  and 
temperature  be  made.  Newer  techniques  for  in¬ 
creasing  the  rate  of  stress  relief,  notably  by  the 
application  of  ultrasonic  energy,  are  in  the  de¬ 
velopment  stage  and  may  be  of  considerable  value 
in  the  future.  Temperature  cycling  also  has  bee* 
used  to  relieve  residual  stresses.  This  usually  is 
done  by  cycling  between  room  temperature  or  a 
moderately  elevated  temperature  and  a  subzero 
temperature.  It  has  been  reported^)  that  10  cycles 
or  less  usually  are  sufficient. 
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APPENDIX 

COMPILATIONS  OF  DATA 


The  data  presented  in  this  Appendix  have 
been  taken  from  the  sources  cited  in  the  preceding 
section.  With  few  exceptions,  no  changes  have  been 
made  except  for  the  correction  of  a  few  obvious 
misprints. 


There  are  some  precautions  that  should  be 
observed  in  using  the  information  presented  in 
these  tables.  First,  it  should  be  noted  that  even 
where  a  specific  processing  schedule  is  recom¬ 
mended,  it  does  not  necessarily  follow  that  this 
procedure  develops  the  optimum  degree  of  dimen¬ 
sional  stability  for  that  alloy.  Also,  treatments 
leading  to  *  high  degree  of  stability  of  dimensions 
in  samples  exposed  without  stress  do  not:  nec¬ 
essarily  produce  the  highest  stability  in  parts 
that  are  subjected  to  external  loads.  Finally,  it 
should  be  pointed  out  that  some  of  the  informa¬ 
tion  presented  here  has  been  taken  from  sources 
that  may  not  now  be  considered  to  be  fully 
authenticated. 


With  these  reservations  in  mind,  the  data 
presented  here  should  provide  a  useful  source  cf 
information  for  the  selection  and  processing  of 
parts  for  applications  in  which  dimensional  sta¬ 
bility  is  needed.  Each  group  of  tables  taken  from 
a  single  source  is  identified,  and  the  pertinent 
information  on  experimental  techniques  is  pre¬ 
sented  briefly. 


Data  From  R-95,  Summary  Report 
No.  1.  "Measurement  and  Control  of 
the  Dimensional  Behavior  of  Metals11 

by 

B.  S.  Lament  and  B.  L.  Averbach, 

Metals  Processing  Division,  Depart¬ 
ment  of  Metallurgy,  December,  1955. 
Instrumentation  Laboratory,  Massa¬ 
chusetts  Institute  of  Technology, 
Cambridge  3V,  Massachusetts 

These  data  were  obtained  using  test  speci¬ 
mens  3/8  inch  in  diameter  and  4  inches  long, 
with  the  ends  spherically  ground  to  a  2-inch 
radius.  Length  measurements  were  made  with  a 
5000X  comparator  at  70  F.  Changes  in  length 
were  measured  after  1/2  hour  at  70  F  following 
heat  treatment  for  time  periods  up  to  1  year  of 
aging  at  constant  temperature.  The  precision  of 
the  length-change  determination  was  reported  to 
be  about  10  per  cent  for  changes  greater  than 
about  30  microinches  per  inch,  and  about  *3 
microinches  for  smaller  changes.  In  the  tables 
of  data,  length  changes  are  reported  to  the  nearest 
5  microinches  per  inch. 

Dimensional- stability  data  are  reported  for 
three  types  of  exposure:  (1)  70  F,  (2)  160  F, 
and  (3)  after  cycling  10  times  between  70  F  and 
-95  F,  with  a  30-minute  holding  period  at  -95  F. 
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TABLE  A -2.  DIMENSIONAL  STABILITY  OF  TOOL  STEELS 


Mtcromeh  per  Inch  Letifth  Change  in 


Rock 

nett 

Hard¬ 

Time  and  Cycltr  Stability  Testa 
Afed  at  TOF  Aged  at  HOP 

Cycled 

10X 

Thermal 

Kapaae. 

SP*;»c 

*H2 

■fee.  No. 

Treat  mom 

ness 

line. 

3mo. 

)2mo. 

Imo. 

Imo.  l2mo.  to 

•ISP 

10100 

M.M 

anneal 

I4I0P,  Ihr. .  P.C. 

BIT 

•10 

-  IS 

•  IS 

•  IS 

•10 

-20 

•  20 

normalise 

ISSOP,  l,2hr. ,  A.C. 

draw 

HOOP,  1  hr.  .  A.C. 

BIT 

-10 

-to 

-IS* 

•  s 

♦  S 

♦  s 

•IS 

harden 

I4S0P,  i  Ihr. .  W.Q. 

temper 

300P.  Ihr.,  A.C. 

CIS 

-  I 

•10 

•  IS 

10 

-  s 

♦SO 

10100 

X-IT,  11 

harden 

HOOP,  1/Ur,  W.Q. 

CM 

-ITS 

-1M 

•40S 

K-M.M 

temper 

100P,  Ihr..  A.C. 

CM 

.  S 

-  S 

-  10 

K-Tl.li 

SOOP,  Ihr.,  A.C-(N) 

CM 

.  s 

•  S 

•  10 

li.l 

K-tlS 

4 OOP,  Ihr.,  A.C. 

CM 

0 

•  S 

-  S 

X-111 

harden 

OOOP,  Ihr.,  A.C. 
HOOP,  1/lhr. ,  W.  Q. 

CM 

0 

•  S 

•  s 

K-00 

enhcool 

•1S0P,  Ihr..  A.M. 

CM 

•140 

-ISO 

•sis 

x-n 

temper 

IOOP,  Ihr..  A.C. 

c«o 

•  s 

•  10 

•IS 

K-1M 

400T,  Ur..  A.C.  - 

CM 

•  s 

.  1 

•  • 

K-1M 

harden 

•OOP.  Ur..  A.C.  - 
I400P.  1 /Ur.,  W.Q. 

CM 

•  s 

-  1 

•  1 

temper 

•OOP,  Ihr. .  A.  C. 

KU 

enhcool 

•  MOP.  Ur..  A. N. 

CM 

-10 

•  10 

-II 

- 

- 

- 

K-M 

temper 

•OOP,  Ihr..  A.C. 

CM 

-10 

-10 

•is 

- 

• 

- 

- 

aoetenittae 

HOOP.  I/Ur. 

p wench 

oil  at  USP,  A.  C. 

K-lIT 

temper 

•OOP.  Ihr..  A.C. 

CM 

•  s 

.  1 

• 

- 

• 

- 

K-1M 

4 OOP,  Ihr.,  A.C. 

css 

-10 

-IS 

- 

- 

- 

- 

see  Die  M-44  41 

harden 

14MP.  l/2hr. .  O.Q. 

CM 

•so 

•so 

-M 

N-«».«T 

temper 

SOOP.  Ur..  A.C. -(H) 

CSS 

0 

0 

0 

_ 

. 

11.1 

Nil 

anbcoot 

-ISOP.  ihr..  A.  H. 

CM 

-10 

-10 

-is 

- 

- 

• 

temper 

SOOP.  Ur..  A.C. 

CIS 

-  % 

-  s 

-10 

. 

. 

. 

harden 

14S9P,  1/lhr. ,  O.Q. 

N-M 

enhcool 

-SSOP,  Ihr..  AM. 

CM 

•00 

-ISO 

•IIS 

- 

• 

- 

N-U 

temper 

SOCP.  Ihr.,  A.C. 

CM 

-  s 

-  s 

-10 

- 

- 

- 

a  wet  ratline 

I4S0P.  1/lhr. 

e wench 

oil  at  I1SP,  A.C. 

H-ST.M.M. 

•t. t». n 

temper 

SOOP.  Hr.,  A.C. 

CM 

♦  IS 

♦  20 

. 

H-T« 

awetenltisr 

4 OOP,  Hr..  A.C. 

I4S0P,  1/lhr. 

Cll 

♦  s 

♦  s 

- 

- 

• 

• 

- 

— srnneneh 

H  Q  to  4S0P,  A.C. 

M-TO 

temprr 

SOOP.  Hr.  ,  A  C. 

CM 

♦  10 

♦  IS 

- 

N-Tl 

4 OOP,  Ihr  ,  A.C. 

cio 

0 

-  s 

- 

Tanget 

M 

Die 

Oll.ll 

harden 

lOOOr.  1/lhr  .  O.Q 

CM 

-IOC 

-MS 

•110 

<1-14.10 

temprr 

SOOP.  Hr..  A.C. -(h) 

CM 

0 

0 

0 

n. • 

o-n 

enhcool 

-SSOP.  Hr.,  A  H 

CM 

-10 

-  i5 

-IS 

O-M 

temprr 

SOOP.  Ihr..  A  C 

CM 

•  s 

-  s 

-  10 

harden 

IOOOP.  I/Shr.  .  O  Q 

0-11 

enhcool 

•  StOP,  Hr.  .  A  H 

CM 

-ITS 

-ISO 

•ISO 

O-ll 

temper 

SOOP.  Ihr.,  A.C 

CM 

-  s 

-  s 

-10 

A -4 


TAILS  A  *2.  (CootlmMd) 


Rock* 

Mlt 

H«r4- 


Micratach  per  lack  Laafth  Clwn  in 
Tima  oaO  Cyclic  KabUlty  T hata 


at  TOT 


Afia  m  imp 


CjrclaO 

1QX 


Tharmel 

Sr- 


Jilin. 

HIM 

•pec  Ha. 

Treat  meat 

lM#a 

lata. 

12am. 

\mo. 

Imo. 

lima,  to 

•HP 

10'*/°C 

tu-t.i.i 

harOea  1IMP.  1/lbr. .  O.Q. 

•ebcoel  -nr,  Ihr..  A.N. 

Mw**  temper  MM.  Mr..  A.C.  (1)  CM 

•  > 

•10 

-10* 

•10 

-11 

.!>* 

•  1 

11.0 

mra 

harOea 

IMP  P.  1  /Mr..  O.Q. 

it**  -i.i.i 

temper 

10«r.  Mr.,  A.C. 

CM 

-  > 

0 

i 

♦10 

♦11 

♦  10 

IT***-l,S.  J 

tree  per 

IMF.  Mr..  A.C. 

CM 

-  > 

•  > 

0 

♦  10 

♦  10 

♦  II 

HIM 

T-ll 

harOea 

mm\  (111111101 

— fir 

-ii 

-M 

-III 

T-M.M 

temper 

IMP.  tOhra  .A.C  - 

(R>  CM 

0 

• 

- 

T-M.M 

IMP.  Mr..  A.C. 

CM 

0 

0 

0 

T-M 

4PM.  Mr..  A.C.  - 

(»)  CM 

0 

0 

0 

11.1 

MOP,  Mr.,  A.C. 

CM 

0 

0 

0 

harOea 

I  MOP,  I/Mr. ,  O.Q. 

T-M.  41 

aabcool 

-HOP,  Mr..  A.N. 

CM 

-10 

•11 

•  IM 

T-M 

temper 

IMP.  libra. ,  A.C. 

CM 

0 

0 

- 

11. 1 

T-M 

IMP.  Mr..  A.C. 

CM 

•  1 

•  > 

-  1 

4MP.  Mr..  A.C. 

cot 

•  > 

•  > 

•  > 

MOP.  Mr  .  A.C. 

CM 

0 

a 

0 

harOea 

1M0P.  I/Mr.,  O.Q. 

temper 

1PPP,  Mr.,  A.C. 

T-tl 

eebcoal 

-HOP.  Mr..  A.N. 

CM 

-  • 

•  > 

•10 

- 

• 

- 

- 

T-fl 

temper 

IMP,  Mr..  A.C. 

CM 

0 

•  • 

-  » 

- 

- 

- 

• 

aaateaMlse 

IMOP,  1/1  Hr. 

oil  la  IMP.  A.C. 

T-M.M 

temper 

IMP,  Mr..  A.C. 

CM 

♦II 

♦u 

- 

- 

- 

- 

- 

T-ll 

4MP.  Mr..  A.C. 

CM 

0 

•  > 

- 

* 

• 

- 

* 

MIM 

eeateaHtee 

IMOP,  1/1  hr. 

marpaaacb 

N.Q.  ta’SOF.  A.C. 

T-M.  II 

temper 

IMP,  Mr..  A.  C. 

CM 

0 

0 

- 

- 

- 

- 

- 

T-M 

4MP.  Ihr..  A.C 

CM 

-I 

-  > 

• 

• 

- 

• 

aeateaitlae 

IMOP.  1/Mr 

laeraeeack 

N.Q.  To  4>0P,  A.  C. 

wtcwl 

-HOP.  Mr..  A.N. 

T-M 

temper 

IMP,  iOhra.  .  A.  C 

CIO 

- » 

-i 

- 

- 

- 

- 

T-TO 

lOPP.  Ihr..  A.C. 

CM 

•  1 

-> 

- 

- 

- 

- 

T-Tl 

♦OOP,  Ihr.  ,  A.C. 

CI1 

-  > 

-» 

- 

- 

- 

♦ 

HIM 

U-l 

harOea 

IMOP.  I/Mr  .  O.Q. 

•»« 

r* 

- 

- 

- 

- 

M-l 

eabroel 

-llOXMr..  A.N. 

-no 

-140 

- 

- 

- 

harOea 

IMOP,  Mr. .  O.Q. 

>1-1 

tamper 

IOOP,  Mr. .  A.C. 

♦  41 

•  to 

- 

- 

• 

>1-4 

100P,  Mr.  ,  A.C 

•  1 

-10 

- 

- 

- 

- 

12.1 

IC-ICr 

01-1 

1*0*.  I/Mr.,  A.C. 

CM 

•  1M 

♦  121 

•  IIP* 

- 

- 

- 

M-l. 4.1 

\+mp*r 

MOP.  Mrt. .  A.C. 

CM 

-> 

-I 

-I* 

-10 

-10 

- 10* 

♦41 

12  1 

U-l.1,1 

MOP.  Mra. .  A.  C. 

C40 

♦440 

•  4T0 

♦»K 

♦411 

♦410 

♦  440* 

♦  400 

to.  • 

»1*C. 

Ml 

harOea 

IMOP.  I/Mr. .  A.C. 

Cit 

♦  It 

•  > 

-10 

- 

- 

- 

- 

■tgk  Cr 

r-M 

temper 

MOP.  Mra.  ,  A.C.-(R) 

C4I 

0 

•  > 

-14 

- 

- 

- 

- 

POOP.  Mra..  O.Q. 

CM 

♦  M 

♦11 

♦  M 

- 

- 

- 

- 

harOea 

IMOT.  I/Mr..  A.C. 

triple  tempet 

OMT.  Ihr..  O.Q.  (1) 

C01 

♦  III 

♦1T0 

- 

- 

- 

- 

rit 

prmi  reUeee  4MP.  Mr..  A.C. 

COI 

♦  IM 

M0> 

- 

- 

* 

- 

- 

A-5 


TABLE  A -2.  (Continued) 


Alloy  age, 
HI*  C. 


Treat  mrM 


A  <k  fe¬ 
at  II 
Mard- 

nraa 


!mo. 


M  e  romeh  per  loch  Length  Change  in 

Time  an*  Cyclic  liability  Trait  Thermal 

.  > — TTZ - .  ,  Cycled  Kapaatt. 

Aged  at  TOP  Aged  al  IMP  iax  Co*L 

Imo.  |  Jmo  I  mu  Imo.  Ilmo.  to -IIP  I0**,°C 


harden 


HOOP.  l/2hr. .  A.  C. 


HlfhCr  P-41 

auhcool 

•IMP.  Ihr. .  A.  H, 

CM 

10 

-10 

•  110 

- 

- 

- 

* 

irntimr 

4101'.  Ihr.,  O.g. 

C41 

-  1 

-19 

• 

• 

• 

• 

- 

r-4t 

0J0P.  Ihra.  .A.C. 

C4I 

♦41 

♦  IS 

♦M 

- 

- 

- 

- 

harden 

I900r,  1  /Ihr.  ,  A.C. 

auhcool 

•HOP.  Ihr.  .  A  H 

triple  temper 

HOP.  1  hr..  OQ.  (1) 

poo 

4S0P.  Ihr  .  A.C. 

C42 

<91 

♦  111 

- 

- 

- 

* 

- 

harden 

I900P,  l/lhr. .  A.C. 

auhcool 

a.  -114P.  Ihr..  A  N. 

temper 

h.  IMP.  1  hr. .  O.Q. 

cycle 

e.  Repeat  etepe  a  and 

h  four  ttmea 

Ml 

CM 

4 

9 

. 

- 

- 

• 

• 

itL- 

HI*  C,  M-9,9, 19 

anoeal 

1990P,  1  hra. .  P.C. 

AM 

•1 

-  1 

-  I* 

9 

9 

4 

0 

•  1 

HI*Cr  gg.| 

harden 

HOOP,  1/1  hr.  .  o.g. 

C4I 

♦  100 

♦M 

♦  »0* 

- 

- 

- 

- 

94-1.1.4 

temper 

100P.  1  hra.  .  A.  C.  -(A)  C41 

0 

9 

0* 

•19 

-10 

-10* 

-  1 

19.1 

94-1. 9. T 

•OOP.  1  hra. ,  A.C. 

CM 

♦1M 

♦100 

•  lro* 

♦190 

♦191 

♦410* 

*411 

10.0 

H-NH*  K.9 

air  harden 

1110P.  1  mine. .  A.C. 

CM 

- 1 

•  11 

-M 

- 

- 

- 

* 

r***4  *-4.19 

harden 

•HOP.  1  mine. .  O.  Q. 

CM 

-TO 

-100 

-  IM 

- 

• 

- 

• 

temper 

I0MP.  1  1/* hra. .  O.g. 

■•14 

at  reao  relieve 

MOP.  1  hr  .  A.C. 

C94 

-  1 

9 

•  1 

- 

• 

- 

- 

harden 

mop,  1  min.  .  O.  g. 

■-II 

temper 

1090P,  2  1/2  hra.  .  A.C, 

C4I 

♦11 

♦11 

♦M 

- 

- 

- 

• 

■•It 

atresa  relieve 

MOP.  Ihr.,  A.C. 

C44 

♦19 

♦II 

♦10 

- 

- 

. 

. 

•  II 


Ihr  .  A  C. 


CM  *19 


♦  10 


♦49 


M-l  At* 

harden 

HldP,  Imin. .  O.Q 

Meed 

dovhle  temper 

I0MP.1  l/l  hra.  .  AC/1) 

B-14 

alreaa  relieve 

400P,  Ihr..  A.C. 

C  94 

♦  10 

♦10 

♦  1! 

harden 

lllOP,  1mm.  .  o.g. 

triple  temper 

tOSOP,  1  1, 1  hra  .  A.C. 

(2) 

K-  IS 

alreaa  relieve 

0O0P.  Ihr  .  A.C. 

C41 

♦10 

♦  10 

• 

harden 

2120P.  Imma.  O  Q 

triplr  temper 

IOS0P,  2  1  Ihra  ,  O  g  (1) 

B-ll 

alreaa  relieve 

909P.  Ihr  .  A.C 

C  45 

s 

1 

• 

■  •14 

909P.  Ihr  ,  A  C  -(A) 

C45 

0 

0 

• 

harden 

JIIOP.  2  mum  .  O.g 

K-14 

auhcool 

-HOP.  Ihr..  A  H 

C44 

•  l»0 

-ill 

- 

temper 

I0S0P.  1  l/llr.  ,  A  C 

t-M 

atreaa  relieve 

9O0P.  Ihr.  .  A  C. 

CM 

•21 

• 

harden 

1119P,  Imln  .  o.g 

auhcool 

•IMP.  Ihr  ,  A  H 

triple  temper 

I990P.  2  1  Ihra.  .  O  g  (I) 

111 

alreaa  relieve 

loop,  Ihr  ,  A  C 

CM 

0 

0 

- 

f-ll 

9O0P,  Ihr  .  A.C.  -(A) 

CM 

e 

0 

10  1 


•9  mamba  a*  aging  T  C  - 

**L  -  Inogatadtnal  direction  A  C 
»**  T  a  ran awry  lirrrtiw  O  Q.  • 
(A)  -  recammendcd  treetemrm  d.  Q  - 

H  Q  - 
A  <- 


furnace  co-  '■ 
at r  cool 

oil  nuenefe 
uatrr  aurora 
am  aurora 

v  at-' 


A-6 


TABLE  A -3.  DIMENSIONAL  STABILITY  OF  STAINLESS  STEELS 


Mtcrolach  per  Inch  Length  Change  In 
Time  and  Cyclic  Stability  Teata 


Thermal 


Treatment 


at  TOT  A  ted  at  HOF 

Imo.  Into!  Smo.  lima.  to  -MF 


Cycled  Kapana. 

10X  CoeL 
,  .ace  m-e 


T-SS,  IS, 10 
T-4.1.S 
T-11,14, IS 
T-SS, *1,14 
T-O.T.O 
T-SS. SC. ST 


T- IS.  SO.  SI 


IS-*.  1.0 
SS.T.I.O 


cold  draten 
at  res  a  relieve 
quench  anneal 
atablllae 
quench  anneal 
atreaa  relieve 

quench  anneal 
atreaa  relieve 
atablllae 


quench  anneal 

*r«ea  relieve 


(aa  received) 

TSOF,  lhr. ,  A.C.  Ml 

ISSOF.  I /lhr. ,  W.Q.  Ml 

SOOF,  SOhra. ,  A.C.  Ml 

ISSOF.  !/2hr. .  W.Q.  Ml 

•OOF,  lhr..  A.C.  Ml 

TSOF.  lhr..  A.C.  MS 

ISSOF.  1/1  hr.,  W.Q. 

•OOF,  lhr..  A.C. 

SOOF.  SOhra..  A.C. -(H)  Ml 


ISSOF,  l/Shr. ,  W.Q. 
TSOF,  lhr..  A.C. 


•SO  -  S  -10  -10 

•  to  -to  -SO  *41 

•  -  S  -  I 

- 10*  -10  -10  -10 

.  .  s  -  t 

0  -10  -10  -IS 


TABLE  A -4.  DIMENSIONAL  STABILITY  OF  NICKEL  ALLOYS 


Alloy  Spec.  No 


Rock¬ 

well 

Hard-  Aj 
nett  tmo. 


Mtcrotnch  per  Inch  Length  Change  in 
Time  and  Cyclic  Stability  Teata 

- i - - Cycled 

1  at  TOP  Aged  at  130F  |0X 

3mo.  Umo.  Into.  Jmo.  Umo.  to  -Ilf 


Thermal 
■a poo*. 

Coef 
IP** 


inconel 


Inconel 


inconel  X 


Monel 

X- Monel 


37-1  cold  drawn 


173-1,2,3  anneal 
173-4,3,6  atabtlite 


anneal 

183-1,2,2,4  atabtlite 


36-1  cold  drawn 


36-1  cold  drawn 


91-1 A  cold  drawn 

age  harden 


178-1.2,3 

178-4.3,8 


M-Spen 

80- 1 A 

Lo  49 

80-1,8.3 

42N1- 

T7-1A 

77-1.1 

quench  anneal 
quench  anneal 
alreaa  relieve 


coM  rolled 
aelut  lonlae 


(at  received)  C20 


WOOF.  Ihr. ,  r.C.  B7l 
200F,  24hra. ,  A.  C.  -«R)B7| 


WOOF,  Ihr..,  F.C. 

2 OOF.  24hra.  ,A.C.  -<R)B7l 


aa  received 


(a*  received 


(no  received)  A64 

lOOOF,  8hra. .  F.C. 
to  800F.A.C 


21  OOF.  Ihr..  W.Q. 

I830F,  Ihr.,  W.Q.  M3 
800F.  Ihr.,  A.C.-(R)M3 


(a*  received)  A81 

HOOF.  I  t/4hr. ,  W.Q. 
1230F,  Ilhro. .  A.C.  CI4 


-11  -13 


-II  -II 


8  • 


TABLE  A  -4 


Alloy 

Spec.  No, 

Treatment 

Rock¬ 
well 
Hard- 
neaa  1 

Free  Cl 

S3- 1, 2, 1 

cold  drawn 

(aa  received) 

B98 

ln*ar 

32-42. 43 

•iabtUi4» 

2 OOF.  20  hra..  A.C. 

R94 

cold  drawn 

(aa  received) 

B43 

32-4,3.4 

atrrsa  relieve 

I200F,  1  hr. ,  F.  C. 

R93 

33-31 

2 OOF,  1  hr.,  A.C. 

BOS 

33-32,33.34 

200F,  30 hra. , A.C.  -|R)  B43 

33-7-4,4 

300F,  1  h:.,  F.C. 

B93 

12-30 

400F,  1  hr. ,  A.C. 

R93 

32-10, it, 20  qu+nch  annual 

IS3SF.  1/2  hr.  .  W.Q. 

HT4 

32-14 

atabllttc 

134F,  Imo.  ,  W.Q. 

H78 

33-34.37.34 

2 OOF.  20  hra..  A.C. 

R7S 

32-13 

200F,  1  mo..  W.Q. 

1178 

32-11 

2S0F.  1  hr. .  F.C. 

R78 

33-14C 

300f .  I  mo. ,  W.Q. 

H78 

33-17 

400F.  1  mo. .  W.Q. 

B78 

32-21 

400F.  TfiTo. ,  W.Q. 

1178 

32-27. 28.. •» 

anneal 

IS2SF.  1/2  hr. ,  F.C 

.  R78 

32-34.40 

alabillae 

-•OOF.  20hra. .  A.C. 

H77 

Free  Cm 

44-10. 11.12 

cold  drawn 

(aa  received) 

HM7 

Invar 

at  rraa  relieve 

1200F.  lhr. ,  F.C. 

atatiiliae 

3 OOF,  44hra. ,  A.C.-(H)B44 

44-7.8,9 

quench-anneal 

I323F.I/2  hr.  W.Q. 

atreaa  relieve 

I200F.  I  hr..  A.C. 

atatiiliae 

2 OOF,  44hra. .  A.C.(R)B7» 

44-1.2.3 

quench-anneal 

1S23F.  1/2  hr..  W.Q.R74 

4.3.4 

atreaa  relieve 

400F.  1  hr. .  A.  C. 

atabillae 

2 OOF,  44  hra. , A.C  B74 

cold  drew,*  received) 


4-1. 2. 3 

•-» 

1*-l.2.3 


42-1.2.3 


atreaa  rallnt 
atahlUae 

^•nck-uanl 

cold  drew* 

KMImUm 


142SF.  Ur.,  F.C.  MT 

iieor,  ur.,  r.c. 
soor.  24kra. ,  A.C. 
lSlir.  l/ihr..  *.$.  B4J 

(aa  received)  AU 

HOOF.  1  1/4  hr*. .W.Q. 
IIHr, Iflhre. .  A.  C.-(R)  CIO 


*  •  montha  of  a«tng 
(R|.  RrcoamioM  Tr— lul 


W.  Q.  -  *1or  |Wt 
F.  C.  •  funnel  eo 
A.  C.  •  air  coo  tod 


TABLE  A-6.  DIMENSIONAL  STABILITY  OF  COPPER  ALLOYS 


Microinch  par  Inch  Length  Chang*  In 
Time  and  Cyclic  Stability  Taata  Thermal 

- - Cycled  Expert*. 

at  TOf  A«*d  at  1»0P  10X  Co*f. 

.  lJmo.  tutor  imo.  lJmo.  to  -MF  iO*8/°C 
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TABLE  A  -6.  DIMENSIONAL  STABILITY  O?  ALUMINUM  ALLOYS 

Mtcromch  p*r  Inch  Length  Change  in 


Mock- 

Tima  and  Cyclic  Stability  Trata 

Thermal 

Jiilsz. 

Spec  Mo. 

Tr rat  mem 

*•11 

Hard- 

«••» 

mo. 

Aped  at  70F 
Imo.  IZaao. 

Cycled 

4W4  at  II0F  10X 

Imo.  Imo.  !2mo.  to  -43F 

Sapano. 

?o~Ja 

lOif 
<17  S) 

*Oltlti  MiM 

440r,  2hra. .  t.W.Q 

143-1,2,3 

72r.  M  hr*,.  A.  C. 

P40 

0 

•JO 

-13 

-10 

-IS 

-20 

•  1 

WlnllMlW 

•40r.  i/3  hr..  W.Q. 

143-3,4,4 

•r 

330 F.  llhra. ,  A  C 

•  17 

-  1 

-  3 

• 

•  3 

-  3 

- 

ti 

21.3 

tn* 

<M«) 

31-13 

•Meal 

77 Sr.  1  hr.,  r.c. 

F41 

•10 

-10 

-13 

- 

- 

- 

- 

31-1,3,3 

aolutiomaa 

320F.  1/2  hr..  W.Q. 

•32-74 

«ll 

*00 

♦43 

*23 

*23 

♦20* 

♦43 

31-14,17,  13, 

13  af« 

3734.  12hra. ,  A.C.-(R)  47 1 

-  3 

-  3 

3 

*  3 

♦  10 

♦  10 

-  3 

21.4 

21-14.20,31 

400F,  lhr. ,  A.C. 

■70 

*  * 

♦  10 

*30 

*  3 

♦  10 

♦  13 

♦  13 

21-33,24,27 

oolutionlie 

4 OOF  2  hra. ,  A.C. 
430F,  1/2  hr. .  W.Q. 

■72 

*  » 

a  S 

* 

-  r- 

-  3 

• 

0 

31-7,4,4 

•r 

3 OOF,  20  hr*..  A.C. 

•72 

-1C 

- 

-20* 

-10 

• 

-10* 

•43 

.0  t 

140-1,3,3 

•W 

S30r.  10  hr*..  A.C. 

M0 

-30 

- 

- 

•30 

- 

- 

♦  3 

40  H 

141-14,20.21 

•4* 

330F.  32  hra..  A.C. 

•74 

-  1 

-10 

- 

•10 

-18 

- 

-10 

nc'utlonU* 

420P.  10  hr*..  W.Q. 

141-1.2  1 

•4* 

100F.  *hra..  A.C. 

•43 

-20 

- 

- 

-43 

- 

- 

-10 

-1.1 

141-10.11,13 

3 OOF,  2  hr«..  A.C. 

M2 

-  S 

-  3 

- 

-1$ 

-33 

- 

0 

4041 

(«> 

34-:, 2. 3 

caat 

(aa  receia*d) 

F70 

-40 

-33* 

. 

-•3 

-20* 

-43 

34  4,3,1. 

850F.  2hra. ,  F.C. 

•73 

-II 

-30 

-13 

-13 

-10 

-33 

-IS 

21.3 

34-7,8,3 

«»0F.  Mira. .  W.  Q. 

•72 

-10 

•  13 

-30* 

-30 

-33 

-«* 

•  140 

4041 

(*1  S) 

14-4 

■— nal 

740 F.  2  hra. .  F.C. 

F17 

•  10 

-IC 

IS 

- 

- 

- 

- 

14-3,4.7 

oolntloaUa 

470F.  1/2  hr.,  W  Q. 

•34 

*30 

*30 

♦II* 

♦  70 

*40 

- 

-23 

20.0 

14-14.  IS  14 

SC-T,  32  hra..  A.C. 

M0 

-13 

-10 

- 

•23 

-30 

- 

-20 

14-17,14.14 

JSOF,  4  hra.  .  A.C. 

MS 

•  11 

•11 

>  1 

*  3 

- 

-20 

T-ni 

14-4 

unnoal 

773F.  1  hr. ,  F.C. 

F3fl 

-  3 

-  3 

-10 

- 

- 

- 

- 

(73  •* 

14-3,4.7 

solictlootie 

4 OOF,  1/2  hr.,  W  Q. 

•4a- 34 

-10 

-30 

-33 

-ISO 

-300 

-273 

-SO 

•r 

3I3F,  4  hra.  AC. 

14-4,4, 10 

•tabular 

210F.  4  hra.  ,  A.  C. 

B0 1 

-3} 

-30 

•10 

- 

- 

- 

-30 

22.  1 

t»5 

17  1,2,3 

CAA 

*  t  received) 

F44 

20 

22 

73 

-23 

• 

-  50 

♦ !  0 

27-3.  «.  7 

aoliritoniir 

»80F,  2  h.-a  .  B  W  Q. 

-SO 

-40 

-40 

•  30 

27- 14. IS.  I* 

3 1  OF.  4  hr*.  ,  A.C. 

B4( 

13 

-20 

* 

25 

-49 

- 

-  IS 

27-11,  11.  13 

31#r, 21 hra  .  A  C 

r*o 

10 

1C 

- 

-15 

5 

- 

■15 

22.  * 

77-4 

innral 

I30F,  2  hra  .  F.C. 

F24 

|F> 

<FV 

-60 

■ 

<•0 

- 

- 

- 

V* 

28-1.2,3 

CAB! 

(ab  received) 

F70 

- 

- 

•25 

- 

♦  1 5 

28-4, 3.4 

•  tregg  r«*l!rvr 

440F.  ®hr»  .  F  C 

F74 

5 

S 

- 

0 

•  15 

-  M 

BO  1  *T  1  Of!  i  7  r 

1000F,  51  hra  ,  *  Q. 

28-20,  21.22 

*r 

««0F.  f*»ra.  ,  F  C. 

B30 

5 

> 

- 

♦  5 

♦  5 

- 

-50 

•  OlutlOAI 

lOOOF.  7hrt  .  W  Q 

28-17.  it.  1) 

***■ 

440r.  8  hr*  ,  A  C 

830 

S 

10 

- 

-  1 

C 

- 

-20 

AOitftlOHItC 

10OCF,  2  hra  ,  B  W.  Q 

28-8, 1. 10 

JJC _ 

HOF.  4hr t.  ,  A.  C  (K( 

HM 

0 

0 

5 

0 

- 

-  S 

lo  1 

Ap*i  T> 

alloy  I 

iSi- 1. 2.  3.4 

•  1  reaa  *vlw  vr 

4 OOF.  the*.  .  A  C 

F*1 

n 

t. 

■ 

1 5 

• 

-  A  Si 

,  « 

21.2 

*  6  mo*!  Ha  cf 

{8)  -  rrr«mm'  k--'  *t  irrjtmrat 


8  w  g 

A  C 


boiUitf  water 
tir  coo! 


-  tiller  <jw^*oh 

r  C  -  fwraice  fool 
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TABLE  A -7.  DIMENSIONAL,  STABILITY  OF  MAGNESIUM  ALLOYS 

Mlcretaek  p*r  Mi  Lm|U  Owp  la 


Alloy  Spac.  No. 

Treat  mewl 

Bock 

wall 

HtrO- 

aaaa 

\mo. 

Tima  ami  Cyclic  ItafcUlty  Tests 

at  TOP  AosO  at  HOP 

i.  lima.  1ms.  aaaa.  lima,  to 

'Cycles 

10B 
•01  P 

Tkarmal 

CcmL 

10'Vc 

OowN  10-1,1,1 

10-11,10,21 

10-11.14, 11 

ro-is.*T,u 

as  cast 

at  rasa  relieve 

salat  lawlaa 

•r 

(aa  receive!) 

100P,  4  kra. .  A.C. 

TI0P.  0  kra.  .  A.C. 

ITtP,  10  kra..  A.C. 
MOP,  4  kra. .  A  C. 

POT 

BIT 

BTI 

RTI 

-10 

-li 

-10 

-1C 

•  II 

-10 

-II* 

-11* 

-II* 

-20 

-19 

-11 

•  10 

-10 

-31 

-ll* 

-10* 

-11* 

•10 

0 

-10 

II.  1 

11.  0 

11.1 

Do*  0-1 

11-14,11, 10 

araa^H 

at  rasa  relieve 

(as  racalaaO) 

4 OOP,  4ltra. ,  A.C. 

BT4 

-10 

•11 

-11* 

•  I 

HI 

♦20* 

♦  10 

14.0 

si-ta, lo.ao 

salat  taalaa 

•r 

HOP,  4kra. ,  A.C. 
HOP,  10  kra..  A.C. 

KOI -04 

-11 

•  II 

-10* 

•11 

•11 

-10* 

♦  10 

11-21, 11. 11 

HOOP,  4  kra.,  A.C. 

MI-04 

-11 

-;i 

-10* 

-10 

•u 

•11* 

0 

14.  1 

Daw  M 

ii-ii, it. ia 

extrvOsa 

stress  raltara 

(so  rac a  task, 

trap,  l/4kr. ,  A.C.-<»  SM 

•  1 

•10 

-II* 

a  • 

♦10 

♦  10* 

•10 

14.1 

Daw  l-i 

14-10,11,12 

wraa^at 

otraaa  relieve 

(as  racalaaO) 

MOP.  1/4  kr.,  A.C. 

BOO 

-10 

-10 

-10* 

-10 

-11 

-11* 

-  I 

11.0 

owwc  lOo-T.a.a 

cut 

*r#M  r*U»v* 

(as  racalaaO) 

MOP,  4  kra. .  A.C. 

ET4 

•  I 

-ia 

-11® 

-to 

-so 

-10* 

.  1 

1W- 1,1,1 

aolatKoaiaa 

*4* 

TOOP.  lOkrs  A.C. 

UOP.  14  kra..  A.C. 

Btl 

-10 

-10 

-11* 

-00 

-44 

-40* 

-11 

14.4 

100-4.1,0 

OOOP.  4  kra.,  A.C. 

MO 

-10 

•  li 

-10* 

•IS 

•  IS 

•  10* 

-  I 

14.4 

Dww  AS 

01C  lTO-1,1,1 

CMl 

mr%m  rvUm 

(as  racalaaO) 

OOOP.  Okra. .  A.C 

BM 

•  20 

-10 

-40® 

•so 

-10* 

-10 

14.1 

Df« 

rs-i  m-i.i.s 

eatrMeO 

'traaa  relieve 

(ac  racalaaO) 

MOP,  1/4  kr.,  A.C. 

BM 

-  » 

-  i 

-10® 

-10 

t 

14.  T 

v  (  aasmks  o t  1*1*0 


(R)  -  rtccnmn^td  traatmaat 


A.C.  -  air  <ael 
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TABLE  A -8.  DIMENSIONAL  STABILITY  OF  TITANIUM  ALLOYS 


A!Jtt 

T1  Tf  A 

%ae.  No. 

TrootoMOt 

Nock- 

Hll 

Hard- 

aaoa 

M0 

Ml 

M0 

Mi 

low. 

MlcroUtch  par  tech  UMh  Chaafa  la 

Tlao  aai  Cyclic  OtahUlty  Toota 
- i - 1 -  Cyeloi 

AjoO  at  lor  AfloO  at  Itor  ION 

!x>  ;i»o.  loT  iw.  now.  to  -nr 

Thermal 

Stye 

Ill- 1.1,1 
111-10,11,12 
tn-4,».o 

1S2-M.0 

hoi  rolloO 

otrooo  rollovo 

(aa  rocoiooO) 

4000,  1  hr. .  A.  C. 
ooor.  Ihr. ,  A.C. 

lOOOf,  Ihr.,  A.C. 

-10 

0 

0 

•  s 

•it 

0  -  1 

-  1 

-10 

0 

0 

♦  1 

-11 

0  ♦  0 

0 

♦  10 

♦  20 

♦It 

♦10 

0.1 

Tl  IMA 

110-1,1,1 

aaraaliaa 

ltoor,  1/1  hr.,  A.C. 

CM 

BQ 

•10 

-10 

-  1 

110-4,1,0 

hartfcm 

lMOr,  1/1  hr.,  O.Q. 

C12 

B 

•  11 

-10 

-  1 

a. 2 

100-10, 11. 11 

otrooo  roUrvo 

MOT.  4hra. .  A.C. 

C13 

91 

-  0 

•10  -10 

0 

IW-U.8 

0 

0  0 

0.2 

CT1-IOT 10-4, 1.0 

coM  Oram 

{aa  rocoWoO) 

Cll 

0 

9  0* 

♦  0 

♦  «  ♦  »* 

•  1A1 

1.0.1 

aoaool 

I IOC/,  1  hra. ,  f.  C. 

C34 

-10 

-10 

-10 

-11 

•11 

».0.0 

cmillit 

nor.  Ihr.  ,A.C.-<H) 

CM 

-10 

-10  -10* 

0 

0  0* 

II 

*  <  Mail  of  i|iaf 

(R)  •  racMotaM  iradoM 


A.C.  -  air  cool 
O.Q.  ■  oil  o.noort 
W.C.  -  foraoco  cool 


TABLE  A -9.  DIMENSIONAL  STABILITY  OF  MSCEULANEOUS  ALLOYS 


tberoiach  par  loch  Loogth  Chaf  la 
Rock-  T hoc  ooO  Cyclic  SabtlUjr  Toota  TMrail 


**»a. 

Gray  Coat 
Im 

•foe.  No 

Treat  moot 

volt 

lUrO- 

aoaa 

1«bo 

,£P& 

i«or 

.  llaao.  to 

Cycle* 

10X 

-*ir 

1  Sajama. 
Corf 

|0**/°C 

40-1.2.1 

II  cut 

(aa  roeel»*4) 

Ml 

-IS 

-10 

♦  1 

-  s 

•  1 

•10 

-20 

19.  J 

Coat  troa 

40-1,1,1 

aa  caat 

(aa  rocotootl) 

M0 

0 

♦  s 

♦20 

♦It 

♦21 

♦  K>* 

-  1 

4.1 

la— octal 

EM 

TO-1.1.1 

otatoroi 

(aa  recataeO) 

0 

•  1 

* 

0 

-  1 

* 

-  1 

4.4 

ICMoaoMUl 

•0-1. 1.1 

•MrrH 

(a*  rrrOMvt-d) 

. 

0 

•  1 

- 

0 

0 

- 

-  » 

4.4 

rgSgSgl 

1  I'M  •'*’* 

Tl-I.I.l 

a  latere* 

(aa  rtcrnrfl 

. 

0 

0 

0 

0 

» 

♦  * 

4.1 

Soan  Mot 

1M -1,1.1 

■lai'irf 

(ca  r«flw4| 

Cll 

-  > 

-  s 

1* 

-10 

-10 

— z±°L _ 

-  0 

*,# 

NartOoo 

14-1 

nOrM 

*11 1,  4*  hra. .  f  C 

M** 

*  10 

-1C 

-IS 

-10 

-10 

-iob 

•  1* 

11.1 

■Hrallay 

14-0 

alreee  rolioro 

taaor.  Ihr  .A.C  -(ft) 

M** 

0 

0 

c 

0 

e 

0 

-  1 

11.  1 

111  OOI. 


*  I  »«Wha  of  Oftof 

**  caor  fcarOnaaa  1 1*  ocaVa 
(*)■  rrcnoiiMoM  -.roelewea 
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TABLE  A  - 10.  RECOMMENDED  HEAT  TREATMENT  FOR  OBTAINING  HIGH  DIMENSIONAL 
STABILITY  IN  S EXACTED  ALLOYS 


Alloy 

iiUll! 

Conditio* 

Desired 

Covdllloa 

Rock- 

a^ll 

H«at  Treatment  n.Lo. 

MSI 

Thermal 

Corf**  °* 

io-s  #c 

ftt&a 

Kinetic 

lSm 

10*pai 

TO 

u.o 

111!  ||*»1 

cold  dr  ion 

strraa  r,  ie»*d 

OOOP.  1  hr..  A.C.  MS 

or  HOOP.  1  hr. .  A.C.  ITT 

11. S 

11.0 

to  $ 
10.4 

1045  atari 

cold  draw* 

at  rru  relieved 

1100P.  1  hr..  P.C.  Ml 

• 

- 

- 

aaaealed 

a)  issor,  1/2  hr.,  PC. 

h)  100P,  1  hr..  A.C.  M0 

11.2 

* 

- 

1144  M**l 

hoi  rolled 

awaaeled 

1SI0P.  1/2  hr.,  P.C.  MS 

- 

- 

- 

hardened  aad 

a)  ISSOP,  1/2  hr..  O.Q. 

tampered 

h)  1100?.  1  hr. ,  W.Q.  C21 

11. 1 

- 

- 

4140  ateel 

hoi  rolled 

aaaealed 

1SS0P,  l/i  hi..  P  C  MS 

11.4 

- 

• 

hardeaed  aad 

a)  ISSOP,  1/2  hr..  O.Q. 

tempered 

0)  1000P,  2  hra. ,  A.C  CIS 

- 

- 

- 

10100  ateel 

mars  led 

hardeaed  aad 

a)  I4S0P,  1/2  hr. .  W.Q. 

lemprrrd* 

h)  MOP.  1  hr..  A.C.  CM 

11. 1 

- 

- 

Miuur* 
Dir  Seel 

aaaealed 

hardeaed  aad 

a)  14S0P,  1/2  hr..  O.Q 

lemprri  d* 

b)  200P.  1  hr.,  A.C.  CIS 

11. S 

- 

- 

Taagatm 

aaaealed 

hardeaed  aad 

a)  1000P,  1/2 hr. ,  O.Q. 

Dw  *t**i 

lemprrrd 

b)  3 OOP.  1  hr..  A.C.  CSS 

ll. 0 

• 

' 

SHOO  ateel 

aaaealed 

hardeaed  and 

a)  ISSOP.  1/2  hr. .  O.Q. 

- 

tempered* 

h)  2S0P,  10  hra.  .  A.C.  COS 

” 

* 

or  «00F.  1  hr. .  A.  C.  CS2 

II.  S 

* 

High  C 

aaaealed 

hardeaed  aad 

a)  1IS0P.  1/2  hr..  A.C. 

HlffiCr 

tempered* 

b)  100P.  2t:ra. .  A.C.  C01 

10.1 

- 

- 

Die  ateel 

or  SOOP,  2  hra. .  A.  C.  C41 

- 

- 

■ 

hardeaed  aad 

a)  I0O0P.  1/2  hr..  A  C. 

lemprrrd* 

b)  -I20P.  I  hr..  A.H. 

c>  0S0P.  1  hr..  O.Q. 

d)  Repeat  b)  aad  c) 

loar  time# 

e)  vSOP,  1  hr..  A.C.  COO 

10.2 

- 

• 

M-2  Ht<h 

aaaealed 

hardeaed  and 

a)  2220P.  S  mla.  .  O.Q 

Speed  cirri 

tempered 

b)  10S0P.  2  1/2  hra.  .O.Q. 

c)  repeat  b)  three  umea 

d)  SOOP.  1  hr.  .  A.C.  COS 

- 

- 

• 

303  Stain  1*0* 

cold  draara 

dwrarh  aaaealed 

a)  ISSOP.  1/2  br. .  W.Q. 

atrei 

aad  atreaa 

OOOP.  1  br. .  A  C. 

relieved 

c)  190P.  10  br*. ,  A.C.  MI 

10.  1 

IT.  0 

10.  « 

310  SUiftUaa 

dvrarh-aaaealrd 

a)  ISSOP,  1/2  br. .  W.Q. 

etrel 

aad  airraa 

fc)  TSOP.  I  hr. .  A.C.  M4 

14.1 

- 

• 

relieved 

410  Stalale** 

hardeaed  aad 

*1  HOOP,  i/1  hr. .  O.Q. 

010T  i 

tempered 

b)  4 SOP,  1  br  .  AC.  C4I 

- 

- 

- 
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Data  frotn  R-137,  "The  Properties  of 
Metals  and  Alloy  of  Particular  hjmit 
in  PmUtoB  Instrument  Construction; 

Compilation  of  data  from  various  handbooks 
and  othar  sources,  by  L.  M.  Schotky, 
January,  199?.  Instrumentation  Laboratory, 
Massachusetts  Institute  of  Technology, 
Cambridge  99,  Massachusetts. 


The  data  for  dimensional  stability  are  pre¬ 
sented  in  abbreviated  form  to  show  (1)  the 
exposure  condition:  RT,  160,  and  cycle,  meaning, 
respectively,  exposure  at  70  F,  160  F,  or  cycled 
ten  times  between  -100  7  and  +200  T  (note  differ¬ 
ence  in  cyclic  exposure  from  that  reported  in 
R-95),  (2)  the  dimensional  change  in  microinches, 
and  (3)  the  exposure  time  in  months  or  years. 


The  compilations  in  this  report  were  taken 
from  various  published  sources.  The  data  on 
elastic  limits  and  dimensional  stability  were 
taken  from  Report  R-95(6),  although  in  some 
cases  differences  in  results  or  treatments  can 
be  noted.  The  units  for  the  various  parameters 
included  are  given  as  follows: 


Density 

Thermal  Conductivity 

Resistivity 
Specific  Heat 
Magnetic  Properties 

Linear  Coefficient 
of  expansion 

Hardness 

UTS  (Uliimats 
Teas  lie  Strength) 

YP  (9.2  Per  Cent 
Offset  Yield 
Strength) 


Grams  per  cubic  centi¬ 
meter 

Cnloriee  per  square  centi¬ 
meter  per  centimeter 
per  degree  centigrade 
per  eecond 

Microhm  -centimeter 

Cnloriee  per  gram 

Cither  Indicates  permea¬ 
bility  or  whether  mate¬ 
rial  is  or  is  not  magnetic 

Inch  per  inch  per  degree 
centigrade 

Rockwell  scale  as  indi¬ 
cated  or  Brinell  scale 
as  indicated 

1000  pounds  per  square 
inch 

Stress  In  1000  pounds  per 
square  inch  to  produce 
0.2  per  cent  offset 


tare  a -i2.  nomrm  or  metals  and  alloys  or  pakticula* 

WTSMST  04  PttCBlON  tNSTVUMINT  CONSTRICTION 


outran. 


Elongation  (in  2  in.) 

Modulus  of 
Elasticity 

Elastic  Limit 

Elastic  Limit/ 
Density 

Modulus  of 
Elastictty/Denaity 


Per  cent 

1,000,000  pounds  per 
equare  L  ~h 

1000  pounds  per  square 
inch 

(Pounds  per  square  inch 
per  gram  per  cubic 
centimeter)  x  10"^ 

(Pounds  per  square  Inch 
per  grsm  per  cubic 
centimeter)  x  10*^ 
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This  report  dlicwNi  the  neehnkil  prop¬ 
erties  of  beryllium  of  impoittact  to  gyro  appli- 
cRUu,  aad  pro  seats  date  as  precis  ion  elastic 
Halt,  microcreep  limit,  tad  the  dimeasioaal 
stability*  «der  stress  for  several  grates  of 
c ornate rclal  beryilfasm. 


TABLE  A- 13.  AVERAGE  PRECISION  ELASTIC-LIMIT 
DATA  FOR  VARIOUS  GRADES  OF 
COMMERCIAL  BERYLLIUM 
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100%  recycle 
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TABLE  A- 14.  DATA  ON  PRECISION  ELASTIC  LIMIT,  ELASTIC  MODULUS,  AND  M1CROCRCEP  LIMIT 
roB  SPECIMENS  OP  COMMERCIAL  BERYLLIUM 
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pti 

Elastic 
Modulus, 
million  p«i 

MCL,  pel 

i.*r 

2.  1ft 

11.  3 

1ft 

1.444 

1.450 

4,000 

44 

7,500 

2. 67 

2.  15 

11.  ) 

ift 

1  144 

1.454 

3,500 

45.2 

10, 5C0 

2. 93 

2.2a 

4.7 

20 

1.141 

1.454 

5.300 

416 

6,000-13,000 

l.  ft) 

2.2ft 

4.  7 

20 

1.141 

1.454 

5,000 

46 

7,  ftOO 

2.52 

2.4ft 

13.4 

21 

1.147 

1.455 

4,500 

4)4 

5,000 

i  U 

2.44 

13.4 

21 

1.447 

1.455 

3,300 

*0.  1 

7,300 

l.  Jft 

1.0) 

15.  1 

21 

1.43ft 

1 . 45a 

4,300 

45.  1 

4,700 

i.  1ft 

1.0) 

15.  1 

21 

1.45ft 

1.454 

1,200 

16 

1,600 

1.35 

124 

14.4 

2  1 

l.Mft 

1.946 

2,  I'M) 

42.4 

4,300 

1.15 

1.2ft 

14.4 

IX 

1.449 

1.446 

1,500 

16 

4,400 

1. 24 

1.04 

.. 

21 

1.440 

1.451 

2,500 

44 

7,000 

1*24 

1. 04 

— 

21 

1.940 

1.451 

1,750 

1ft  6 

4,500 

2.  II 

2.4ft 

10.  97 

22 

i.lftO 

1.455 

7,500 

1ft  6 

1,000 

l .  11 

2.4ft 

10.  ft? 

22 

1.440 

1.455 

•  00 

12,500 

2.41 

).  11 

20 

1.142 

1.46) 

4,500 

4ft.  3 

ft.  500 

2.41 

).  >1 

20 

1.442 

1.46) 

1.000 

42.  1 

ft, 250 

2-  )T 

2.  >! 

1 153 

1ft 

1.145 

1.451 

6,700 

41.5 

6,  700 

2.  )7 

a.  )2 

!«  55 

1ft 

1  445 

1.451 

2,300 

17  1 

ft. 000 

2.90 

2  35 

-- 

20 

1.441 

J.454 

7,000 

44 

7,000 

2.  §0 

2.  >5 

-- 

20 

1.441 

1.534 

3,000 

4).  1 

1 l . 300 

1.  #0 

2.  11 

11.05 

14 

1.434 

1*51 

6,300 

46.4 

9,  000 

l.ftft 

2.  11 

11.05 

14 

1.454 

1.1*3 

7,000 

44  .  ft 

11.300 

l.  ft2 

2.2ft 

ft.  J 

17 

i .  440 

1.44ft 

6,500 

41 

7,000 

1.  ft2 

2.2ft 

ft.  3 

17 

1  440 

1.44ft 

7,000 

44  ) 

7.300 

4.  01 

5.4ft 

10 

1.47ft 

1.153 

16,000 

44 

17, 700 

6  01 

5.1ft 

10 

1.47ft 

!.  153 

ft,  500 

47.* 

25,400 

4.  >4 

5.50 

5.44 

10 

1.477 

1.176 

11,000 

47.  2 

24,300 

4.  >4 

)  M 

3.44 

0 

1.477 

! .  4  76 

4,500 

4  3.04 

2ft.  300 

4.0ft 

5.70 

10 

1.441 

1.476 

10.000 

45.4 

2 1 , 300 

4.  Oft 

5.  TO 

__ 

10 

1  441 

1,476 

12,000 

44  5 

1ft, 500 

1.  4ft 

1.7) 

- 

17 

1.472 

1.455 

3,000 

4  1.7 

•  .  700 

1.  4£ 

1.  7) 

1? 

1.472 

1.453 

9,000 

11.6 

1 1,  700 

2.  15 

2.41 

>\ 

1. 401 

1.470 

7,300 

41? 

14.000 

2.  l» 

2.01 

21 

1.403 

1.470 

7.3CO 

44. 6 

l 2 . 500 

l.  77 

1. 44 

.  „ 

25 

1.4  74 

1  461 

6,000 

40.  J 

12,500 

i.  77 

1. 44 

..  - 

23 

l.l^ft 

1. 46* 

6,oac 

42.  5 

ft.  300 

4.4ft 

>40 

14 

1.44  i 

i.  476 

6 , 500 

45  7 

16,000 

4.4ft 

1.  40 

11 

1401 

1.  *76 

1,300 

41 . 2 

3  .  300  -  11 , 504 

>.,54 

2. 7ft 

14 

1.4  74 

1.43ft 

6,000 

44  .  4 

14,000 

>;» 

l  .  7ft 

14 

1.4  74 

1.433 

2,300 

46.  5 

!  1.300 

2.  fti 

1.  17 

i) 

1.15ft 

1. 454 

4,000 

50.  ! 

6,  000 

2,  41 

^  1 7 

-- 

S3 

i  <5* 

1  <34 

2  .  300 

5  C  t 

1 3 . 300 

♦The  term  Hdfemeaskmal  stability"  as  eeod  here 
demotes  tier  plastic  strata  at  stress  levels 
below  the  precision  elastic  limit.  This  strata 
is  more  eomaeoaly  denoted  as  creep. 
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!  ABi.e  A  H.  DATA  C.N  UIME.NMONAL  STABILITY  UNDER  STRESS  (CREEP)  FOR  COMMERCIAL  BERYLLIUM 


Mm  sit  }u« 
end  Cl  rede 

CM  uie 
i  unUr.t,  % 

< » M  H  br.sli 

B 

PHIWl 

Density , 

_ 1 ZSi 

OMH  Brush 

Teat 

Stress, 

P»i 

Toiel  Teet 
Time,  hr* 

Total  Strain, 
►*  in  in. 

-  J.  U*t\  revile 

..nr 

2.  1  * 

u.  > 

ly 

1.466 

1.848 

5,60  0 

408.4 

♦  6.9 

UllUi 

2.  *  I 

2.  2» 

d.  7 

JO 

I.Bol 

1.844 

4, 200 

4  68  ,  4 

♦  6.  6 

** 

- .  yd 

2  .  b* 

1  5.  r. 

Jl 

l.Be? 

1.844 

5,400 

470.4 

♦  97.4 

Specimen  stress  relieved  end  retested 

1.  59 

1.05 

17.  1 

21 

1.S49 

1.846 

5,800 

•  0) 

♦  41.4 

Ditto 

UtU' 

!.*>■» 

i.Jd 

iti.  C 

Jl 

1.449 

1.846 

1,700 

447 

♦  7.2 

'* 

».  9i» 

i.Gb 

Jl 

1.160 

1.841 

1,664 

420 

-  2.9 

•%  BeO  redetermined  to  be  1.28% 

*«%  «irgun 

2.  U 

:.«i 

10.  97 

22 

1.460 

1.844 

1,940 

97 

♦  20.6 

Ditto 

J.  *  i 

».  *l* 

JO 

l.floJ 

1.86) 

2,800 

446.4 

♦  1.0 

♦Reported  to  bo  higher  because  of  pr  ntmity  k 

“ 

5? 

2.  !i 

1  l.  54 

19 

1,  >44 

1.841 

w.euO 

460 

♦  6.8 

-  ;  -  i ,  i  -  «%  vi  f  4  *a 

d.«a 

2.  54 

JO 

1.861 

1.848 

4.800 

444 

♦  10.8 

Ditto 

1.  so 

Ml 

1 1,  ui 

16 

1.844 

1.84) 

6,200 

147.4 

♦  24.6 

M 

1.9J 

2.29 

y  i 

l? 

1.S&0 

1.849 

6,400 

489 

♦  10.  1 

6.&a»a«s  r ««.)*.»« 

6.01 

4. *9 

10 

*.879 

1.844 

12, 100 

490.4 

♦87.2 

Specimen  street  relieved  end  retested 

Ulltu 

6.  i« 

4.40 

4.  <36 

10 

1.877 

1.876 

9,260 

4  JO 

♦  2.9 

*• 

o.  Gd 

4.70 

10 

1.881 

1.876 

10,440 

418 

♦  4.7 

•  .sj  [ltd  l  ..-a  •  a  er 

1. 66 

1.71 

17 

1.87J 

1.844 

6,  740 

4  JO 

♦  6.8 

Dispersed  phese  Fe  alloy 

UiUu 

>.  69* 

2.01 

Jl 

1,805 

1.870 

7,124 

449 

♦  12.  5 

Ditto  •%  BeO  redetermined  to  be  2.14% 

* 

1.  77 

1. 66 

J4 

1.878 

1.861 

4,700 

149 

♦  12.6 

« 

5.a«.i««  1JC%  «irgLQ 

M« 

1. 00 

IB 

1.881 

1.876 

4,440 

441.4 

♦  10.  4 

Uuu> 

».  id 

2.79 

16 

1.174 

1.849 

4,040 

549 

♦  14.8 

*• 

2.91 

5.  17 

14 

1.849 

1.848 

4,090 

449 

♦  0.) 

C  ~aIu.it.  sr*.  Lei 

l.  75 

14.  1 

JJ 

1.861 

1.846 

400 

484 

♦  2.0 

DllU 

1.74 

22 

1.868 

1.848 

1,900 

484 

♦  4.7 

1.  70 

U.8 

u 

1.844 

1.848 

1,440 

424.  4 

♦  8.2 

•* 

1.47 

1.44 

9.04 

21 

1.84J 

1.84J 

4,400 

829 

♦  9.9 

*♦ 

1.4-1 

1.47 

10.  1 

a 

1.844 

1.842 

4,400 

466 

♦  9.4 

1.  19 

11.  5 

ji 

1.  84  J 

1.842 

940 

449 

♦  0.2 

" 

1.41 

1.47 

10.  1 

ji 

1.844 

1.841 

4,280 

441.4 

♦  8.0 

“JwG,  id-*J%  r«c)CU 

..yd 

2.  6S 

15.  6 

1.867 

1.844 

4,140 

429 

♦  5.7 

2nd  test 

i-v%  .  ugdi 

l.  V# 

1.05 

14.  1 

ji 

1.849 

1.846 

1,140 

694 

♦  26.i 

Ditto 

-iOO,  4  0'%  virjisi 

2.  u 

2.48 

10.47 

jj 

1.804 

1.644 

4,940 

585 

♦  4.1 

» 

S~n»tcvs  i 0G%  rocycle 

6.01 

4.69 

10 

1.809 

1.844 

12,100 

584 

♦  11.1 

i» 

Data  From  "Gags  Block*  of  Superior 
Stability  III:  Tha  Attainment  of  Uitraatabiiity" 

by 

M.  R.  Msysrson  and  M.  C.  Sola, 

Trana.  ASM,  57,  164  (1964) 


This  paper  discusses  the  procedures  uaad  in 
the  gaga -block  program  at  the  National  Bureau  of 
Standards  for  the  attainment  of  a  very  high  degree 
of  dimensional  stability.  It  summarises  the  data 
for  a  number  of  materials  considered  suitable  for 
use  as  gage  blocks;  as  the  results  show,  several 
of  these  are  very  stable  indeed.  The  test  speci¬ 
mens  used  all  have  a  2 -inch  gage  length,  and  a 
cross  section  1-3/8  by  3/8  Inch. 


TABLE  A-  16.  SUMMARY  OF  STABIJUTY  CHARACTERISTICS  OF  ALL  GAGE 


In*?* 

Symbol 

Surface 
hardness. b 

»c 

Material  and  identifying  treatment 

Max 

period 

observed, 

months 

3 

P 

*70 

17-4  PH.  hardened,  aged,  nitrided 

22 

4C 

KA 

72 

Titanium  carbide,  25%  Ni.  stress  relieved 

20 

» 

F 

68 

410,  annealed  core,  nitrided 

45 

4 

S 

65 

Titanium  carbide,  steel  binder,  hardened  and  tempered 

19 

2 

L 

66 

1010,  pack  carburised,  case  hardened 

30 

id.  e 

T 

62 

52100,  directly  quenched  or  martempered,  stabilised,  Rq  62 

49 

3 

N 

68 

Nit r alloy  135  mod,  hardened,,  tempered,  nitrided 

34 

2 

L 

65 

1010,  carbonitrided,  case  hardened 

20 

3 

N 

68 

Nitralloy  135  mod,  hardened,  tempered,  nitrided 

34 

jd,  e 

T 

60 

52100,  directly  quenched  or  martempered,  stabilised,  60 

50 

2 

F 

67 

410,  annealed  core,  nitrided  2-step 

45 

3 

N 

57-69 

Nitralloy  135  mod,  hardened,  tempered,  liquid  nitrided 

17 

>1 

T 

68 

52100,  annealed,  chromium  plated 

48 

2 

L 

62 

1010,  annealed  core,  thermal  sprayed 

17 

ld 

V 

62 

T15.  hardened,  tempered  to  Rc  62 

19 

3 

E 

66 

8620,  carbonitrided,  case  hardened 

3o 

ld 

T 

65 

52100,  directly  quenched  or  martempered,  stabilised,  Rq  65 

49 

4 

AL  fc  NBS 

>68 

Chromium  carbide,  Ni  binder,  as  received 

20 

2C 

L 

68 

1010,  annealed  core,  chromium  plated 

25 

4 

Q 

>70 

Aluminum  oxide,  no  binder 

29 

3 

E 

65 

8620,  liquid  carburised,  case  hardened 

32 

2 

N 

68 

Nitralloy  135  mod,  annealed  core,  nitrided 

17 

2* 

T 

72 

52100,  annealed,  flame  plated 

30 

3 

E 

64 

8620,  gas  carburised,  case  hardened 

20 

2 

F 

68 

419,  annealed  core,  nitrided 

30 

ld 

V 

65 

T15,  hardened,  tempered  to  Rc  65 

20 

2C 

L 

68 

1010,  annealed  core,  chromium  plated 

36 

jd 

W 

65 

W4,  hardened,  stabilised 

16 

,d 

•  •  . 

65 

Commercial  through- hardened  steel  gage  blocks,  AA  grade 

25 

4 

KB 

68 

Titanium  carbide,  40%  Ni,  stress  relieved 

19 

3e 

C 

65* 

420,  hardened,  tempered,  nitrided 

16 

2 

O 

65 

D2,  annealed  core,  nitrided 

16 

2 

F 

68 

410,  annealed,  chromium  plated 

24 

ld 

D 

58 

02,  hardened,  stabilised 

16 

2 

D 

72 

D2,  annealed,  flame  plated 

24 

2 

F 

72 

410,  annealed,  flame  plated 

23 

ld 

T 

66 

52100.  hardened,  deliberately  unstable 

7 

a  Type  1  is  through -hardened;  Type  2  has  annealed  cores  and  hardened  surfaces;  Type  3  has  partially  hart 
or  cermet. 

b  This  .slue  represents  hardness  of  the  case  or  coating  where  applicable.  Where  appropriate,  hardness  > 
converted  to  Rq. 

c  Only  one  specimen  of  this  type  tested. 

d  Results  reported  were  obtained  previously  and  reported  in  a  prior  reference  (9).  They  are  included  for 
e  Contained  short-term  periods  of  greater  instability. 

f  Average  of  two  blocks  with  widely  diffeient  values.  One  block  was  very  stable, 
g  Estimated. 


AC  TERLSriCS  OF  ALL  CAGE  BLOCKS,  IN  ORDER  Or  MERIT 


Mu  Average 

period  Fabrication  oi  cue  on  nongaging  face*  change  in 

observed,  Partially  Completely  Not  length, 

month*  Intact  removed  removed  applicable  u-in. /in.  /yr 


22 

X 

4  0.05 

20 

X 

-  0.07 

43 

A 

4  0.  10 

i  tempered 

19 

X 

•  0.  10 

30 

X 

4  0.  11 

iabilized,  62 

49 

X 

-  0.  13 

•ided 

34 

X 

4  0.  17 

20 

X 

4  0.  17 

■ided 

34 

X 

4  0.  19 

tabilised,  R^  60 

50 

X 

4  0.  20 

45 

X 

4  0.20 

id  aitrided 

17 

X 

4  0.21 

48 

X 

4  0.21 

17 

X 

4  0.  25 

19 

X 

4  0.27 

io 

X 

4  0.29 

.abuized,  65 

49 

X 

-  0.30 

20 

X 

-  0.  34 

25 

X 

4  0.35 

29 

X 

4  0.  38 

32 

X 

4  0.38 

17 

X 

4  0.40 

30 

X 

4  0.41 

20 

X 

4  0.42 

30 

X 

4  0.44 

20 

X 

4  0.49 

36 

X 

4  0.58 

16 

X 

4  0.59 

.ka,  AA  grade 

25 

X 

-  0.67 

19 

X 

-  0.78 

16 

X 

4  0.80 

16 

X 

4  0.  81 

24 

X 

4  0.85 

16 

X 

4  0.86 

24 

X 

4  0.89 

23 

• 

X 

4  0.96 

7  X  -25.0 


jcei;  Type  3  haa  partially  hardened  core*  and  hardened  caeca;  Type  4  ia  a  ceramic 
V/here  appropriate,  hardneaa  wa*  measured  with  a  micro-tester  auch  a*  the  Vickera  and 

ce  (9).  They  are  included  for  compariaon. 


.able . 
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L1SI_QE_ DMIC  MEMORANDA  ISSUED 
(Continued) 


A  list  of  DMIC  Memoranda  1-164  may  be  obtained  from  DMIC,  or  see  previously 
issued  memoranda. 

DMIC 

Memorandum 

— l&afaBJL—  _ _ _ IlllS _ 

165  Review  of  Uses  for  Depleted  Uranium  and  Nonenergy  Uses  for  Natural  Uranium, 
February  1,  1963 

166  Literature  Survey  on  the  Effect  of  Sonic  and  Ultrasonic  Vibrations  in 
Controlling  Grain  Size  During  Solidification  of  Steel  Ingots  and  Weldments, 
May  15,  1963 

167  Notes  on  Large-Size  Furnaces  for  Heat  Treating  Metal  Assemblies,  May  24, 

1963  (A  Revision  of  DMIC  Memo  63) 

168  Some  Observations  on  the  Arc  Melting  of  Tungsten,  May  31,  1963 

169  Weldability  Studies  of  Three  Commercial  Columbium-Base  Alloys,  June  17,  1963 

170  Creep  of  Columbium  Alloys,  June  24,  1963 

171  A  Tabulation  of  Designations,  Properties,  and  Treatments  of  Titanium  and 
Titanium  Alloys,  July  15,  1963 

172  Production  Problems  Associated  with  Coating  Refractory  Metal  Hardware  for 
Aerospace  Vehicles,  July  26,  1963 

173  Reactivity  of  Titanium  with  Gaseous  N2O4  Under  Conditions  of  Tensile 
Rupture,  August  1,  1963 

174  Some  Design  Aspects  of  Fracture  in  Flat  Sheet  Specimens  and  Cylindrical 
Pressure  Vessels,  August  9,  1963 

175  Consideration  of  Steels  with  Over  150,000  psi  Yield  Strength  for  Deep- 
Submergence  Hulls,  August  16,  1963 

176  Preparation  and  Properties  of  Fiber-Reinforced  Structural  Materials, 

August  22,  1963 

177  Designations  of  Alloys  for  Aircraft  and  Missiles,  September  4,  1963 

178  Some  Observations  on  the  Distribution  of  Stress  in  the  Vicinity  of  a  Crack 
in  the  Center  of  a  Plate,  September  18,  1963 

179  Short-Time  Tensile  Properties  of  the  Co-20Cr-15W-10Ni  Cobalt-Base  Alloy, 
September  27,  1963 

180  The  Problem  of  Hydrogen  in  Steel,  October  1,  1963 

181  Report  on  the  Third  Maraging  Steel  Project  Review,  October  7,  1963 

182  Tl>e  Current  Status  of  the  Welding  of  Maraging  Steels,  October  16,  1963 

183  The  Current  Status  and  1970  Potential  for  Selected  Defense  Metals, 

October  31,  1963 

184  A  Review  and  Comparison  of  Alloys  for  Future  Solid-Propellant  Rocket- 
Motor  Cases,  November  15,  1963 

185  Classification  of  DMIC  Reports  and  Memoranda  by  Major  Subject,  January  15, 

1964 

186  A  Review  of  Some  Electron-Microscopic  Fractographic  Studies  of  Aluminum 
Alloys,  February  5,  1964 

187  Some  Observations  on  the  -Electron-Microscopic  Fractcgraphy  of  Embrittled 
Steels,  February  19,  1964 

138  A  Review  of  Available  Information  on  the  Welding  of  Thick  Titanium  Plate 

in  the  USSR,  March  6,  1964 
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1».  AKTRACT 


This  memorandum  discusses  briefly  the  mechanic  ...  ading  to  the  dimen¬ 
sional  instability  of  metals  and  alloys,  together  *  1  'ome  related 

phenomena:  precision  elastic  limit,  microcreer,  oiid  rruvrostrain.  Information 
of  this  type  is  needed  in  the  design  and  manufacture  of  precision  devices, 
such  as  bearings,  gage  blocks,  gyros,  accelerometers,  and  components  of 
missile  guidance  systems. 

Tables  of  data  from  available  reports  and  papers  are  presented  for 
a  number  of  metals  and  alloys.  These  should  provide  a  useful  source  of 
information  for  the  selection  and  processing  of  metals  for  applications 
where  a  high  degree  of  dimensional  stability  is  required.  (Author) 
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